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ITALY'S NATIONAL ENERGY RESEARCH PLAN 
Energy Research Plan Outlined 
Rome RASSEGNA PETROLIFERA in Italian 22 May 81 pp 428-434 


[Text] Scientific Research Minister Romita last Wednesday 
presented an outline of the "National Energy Research Plan." 
The new "plan" is more than 230 pages long and is closely tied 
to the objectives of the "National Energy Plan" drafted by the 
Ministry of Industry; it will become a strong policy instru- 
ment after approval by the Cabinet. In this issue of our 
magazine we are presenting the first part, Section A. General 
Considerations. 


Section A. General Considerations 


Chapter 1. Origins, Motivation, and Ultimate Purposes of National Energy Research 
Plan 


After hearing the report from the scientific and technological research coordination 
minister, the Cabinet on 14 September 1979 assigned the former the task of drafting 
the PNRE (National Energy Research Plan) for the 1981-1985 5-year term. 


The minister's initiative sprang from the consideration that energy research is 
being carried out in Italy by the CNR [National Research Council]--through the 
Final Energy Project--as well as the CNEN [National Nuclear Energy Commission], 

the INFN [National Institute for Nuclear Physics], fromthe university regarding the 
research agencies ENEL [National Electric Power Agency], the ENI [National Hydro- 
carbons Agency], the IRI [Industrial Reconstruction Institute], and the EFIM [Manu- 
facturing Industry Holding and Financial Company] concerning industry with govern- 
ment participation and, finally, private industry. 


These agencies have as a matter of fact for quite some time been pursuing informal 
coordination through frequent contacts which the officials in charge of the various 
programs have among each other. 


The need to supply the executive agencies of the country at any moment with precise 
and up-to-date human and material resources available and mobilized in this funda- 
mental sector of research means that this coordination must be established formally 














from the moment of initiative planning and must continue throughout this entire 
effort. 


This is why, an effort better to define the objectives, which can be pursued during 
the 5-year period of 1981-1985 and to make the Italian presence more effective in 
international organizations (IAE, CEE, CCMS-NATO, OECD), would take shape in terms 
of substance, rather than prestige, the minister therefore proposed the following: 


"To coordinate all of these activities in an energy research program (PNRE) which 
would be developed during the 1981-1985 5-year period and within which the indivi- 
dual agencies could work according te their respective institutional assignments in 
close collaboration among each other in order to maximize the results in short- 
range and medium-range terms." 


The Cabinet realized that "the implementation of the PNRE requires the following 
resources: the continuation of the PFE-CNR during the 1981-1985 5-year term; step- 
ping up the research activities of the CNEN, the ENEL, and the ENI." 


A study group, shared by the scientific and technological research coordination 
minister was established as "the instrument necessary for the preparation of the 
PNRE and for its management." 


Chapter 2. Methodologies for PNRE Preparation 


The then minister, the Hon. Vito Scalia, took steps to appoint the members of 

this study group, to set up and to establish it in formal terms through DM [Minis- 
terial Decree] of 3 January 1980; a technical secretariat was then established in 
that study group. 


Two preliminary efforts were immediately launched: 


The first of these consisted in a survey of research activities in the energy sec- 
tor row in progress in the course of program development, or under study on na- 
tional territory as of 31 December 1979; 


The second one consisted in launching a vast consultation effort among the opera- 
tors in the sector in order to draft a series of documents on the contents of the 
PNRE and on the necessary resources. 


On 29 May 1980, the then minister, the Hon. Vincezao Balzamo, took cognizance of 
the completion of the Scalia Commission's work and through DM of 29 May 1980 estab- 
lished a smaller study group than the earlier one and assigned it the task of 
drafting the final proposal for the PNRE. 


This Commission, reconstituted by the Hon Pier Luigi Romita, through DM [Ministerial 
Decree] 8.1.81, turned in the final document on 15 February 1981 after having had 

to wait for the publication of the PEN (National Energy Plan) by the Ministry of 
Industry. 


The PNRE must in fact be considered as an instrument for national energy policy as 
spelled out in the PEN. 











The current methodology ror the preparation of the PNRE must guarantee the maximum 
level of participation. As a matter of fact, through the “survey' further described 
in terms of its main characteristics, we provided an opportunity for a vast number 
of operators--through the distribution of many thousands of copies of an informa- 
tion sheet--to let us know which of their initiatives are in the course of implemen- 
tation, in planning, or under study. 


Through the activities of the study groups we were able to get the reactions of the 
research agencies, the universities, the central and peripheral administrations of 
industry with public and privat» capital. 


Chapter 3. Energy Research Census in Italy 


On 3 January 1980, many thousands of copies of a paper "to obtain data on research 
in progress, in planning, and under study" were sent to the agencies involved in 
energy research. 


The purpose of this step was to collect the largest possible number of information 
items useful in presenting omissions in the preparation of the PNRE. 


The operators in the sector responded to it very favorably. The technical secretar- 
iat of the study group charged with preparing the PNRE received 1,100 response 
sheets (one for every research project in progress, in planning, or under study) 
coming from about 300 outfits (public research institutions, central and local pub- 
lic agencies, industrial establishments with public and private capital }). 


In order to facilitate the analysis and interpretation of this vast and intercon- 
nected documentation, it was considered necessary to place the data in a file on 

a computer, adapting in each specific case the interrogation and processing programs 
which the information research institute in Rome worked out for the Final Project 

of the CNR. 


We note that this initiative, in addition to quickly attaining the above-mentioned 
goals, constitutes the first operational instrument of the PRNE. As a matter of 
fact, since the program has now been started, this effort can be combined with 

data pertaining to all operational activities and this can be dynamically connected 
with the half-yearly research progress reports; this will make it possible to act 
on the basis of the issues involved and it will give us knowledge, in real-time 
terms, so as to pursue the coordination effort which is after all the fundamental 
mission of the PNRE. 


Taking a panoramic look at the data emerging from the processing of the information 
cards, we can derive some information of a general nature. If we set the overall 
expenditure commitment at a figure of 100, then personnel above all will take a 
share equal to 43, the remaining commitment will be distributed in almost equal 
increments among investments (29) and planning and construction of plants (28). 


Applied research (50.1 percent) prevails over basic research (2.2 percent) and 
demonstration plants, by virtue of their dimensions, will take about twice as much 
money (31.3 percent) as the amount requested for pi‘ot plants (16.4 percent). 














Out of the about 8,000 operators involved or probably involved during the coming 
5-year term (still based on the data obtainable from card processing’ 60 percent 
consist ef researchers (28 percent) and engineers (22 percent). The spending, 

per man-year, comes to about 23 millions, a figure which seems to be rather <nall 
but which is explained by the fact that the costs do not show the salaries for 
personnel already paid by the state. If we take this figure also into account, then 
the expenditures per employee should rise to 30-35 million lire per year and per 
man. 


The average duration of research is about 40 months and these activities are carried 
out mostly in the north (69 percent) with a share of 21 percent in the center and 
10 percent in the south and the islands. 


If we finally look at the percentage distribution of expenditures already made as 
of 31 December 1979, from the viewpoint of energy sources, we find the following 
breakdown: 


Fossil fuels (natural gas, petroleum, coal, shale, and bituminous sand, as well as 
derivative products) 23 percent; 


Nuclear energy (fission and fusion) 35 percent; 


Biomass energy (urban and agricultural waste, land and water energy crops) 3.3 
percent, 


Renewable energy (solar, geothermal, wind, water power, marine) 16 percent; 
Research involving several sources at the same time (22.7). 
Chapter 4. PNRE and PEN 


It seems a good idea now to clarify the links existing between the PNRE and the PEN 
in terms of the typology of contents. 


In the PNRE we have grouped the actions that represent the phases of research and 
advanced deveJopment of component products and new processes and technologies 
closely tied to them which can be transferred to industrial production over the 
next decade. To achieve a real industrial takeoff in innovative products and pro- 
cesses, we will however also need actions involving development, planning, experi- 
mentation, and preindustrialization which, down-line, would combine the innovative 
process and which would be placed within the PEN, to follow the PNRE in terms of 
time; the PEN thus completes the entire cycle of innovation which, extending from 
specifically goal-oriented (and basic) research and from the first development 
phase (PNRE) is concluded immediately up-line from the industrial developments for 
the purpose of launching an innovated product or component in production which would 
contribute the reduction of consumption and the rationalization of energy sources. 


The PEN (in the November 1980 version) was drawn up to attain the following five 
main objectives: 











(a) Reduction in energy demand from 220 to 200 Mtep [million tons of petroleum 
equivalent] through the adoption of an active savings and efficient energy utiliza- 
tion policy in all consumer sectors; 


(b) Reduction of current dependence on petroleum to 50 percent of the total energy 
requirement by holding down imports of crude to about 100 miliion t, developing the 
use of alternative and competitive sources, above all coal, nuclear energy, gas, 
and renewable sources; 


(c) Maximum possible recourse to domestic energy sources; 


(d) Reduction of risks concerning energy supply through diversification not only of 
sources but also of supplier countries and the creation of adequate strategic 
reserves; 


(e) Technological and supply policy choices which would promote the Italian indus- 
trial system by improving and selling its own products and systems on the inter- 
national market. 


These general objectives were expressed in the following aspects leading up to 1990 
in terms of "supplies per source” and "description of final use” (Table A and 
Table B). 


Table A. Meeting Primary Energy Source Needs in Italy in 1985 and 1990 (Millions 
of tep [Tons of Petroleum Equivalent ]) 











3) Fonti Primarie 1979 1985 1990 
4) Petrolio 100,6 115.4 103,4 
5) Combustibili solidi 11,4 17,7 36,0 
23 Gas naturale ‘229 289 37,0 
7) Idro-geo (1) 10,0 105 11,6 
8} Nucleare 0,6 2,0 10,0 

Altri rinnovabili _ 0,5 2,0 

10) Importazioni energia elettr. 
ed extraidr=ulicita (2) 2,3 _ —_ 
TOTALE 147,8 175.0 200,0 





Key: (1) Regarding hydroelectric power output, the data refer to the output figure 
which can be achieved through natural contributions alone, under conditions of an 
"average" hydrologic year; (2) The figure given for 1979, in addition of considerable 
imports of electric (1.2 Mtep), includes the increased hydroelectric power output 

due to a particularly large water volume and the production of pumping plants; 3-- 
Primary sources; 4--Petroleum; 5--Solid fuels; 6--Natural gas; 7--Water and geo- 
thermal (1); 8--Nuclear; 9--Miscellaneous renewable sources; 10--Electric energy 
imports and additional water volumes (2). 














Table B. Final Uses of Energy in Italy (Millions of tep) 





1978 1985 1990 





(obiettivo) 10) 

3) Alta temperatura 21,1 22,8 24,0 
4) Metlia temperatura 74 #80 8,2 
5) Bassa temperatura 31,0 32,7 34,4 
59,5 63,5 66,6 

8) Carburanti (1) 22,8 27,5 31,5 
7) Energia elettrica obbligata (2) 11,7 17,2. 21,9 
8} Totale usi finali 94,0 1082 120,0 
Totale fonti primarie 147,8 175,0 200,0 


Key: (1) Excluding maritime and aviation fuel storage and including for agriculture 
and industry; (2) 860 kcal/kwh; 3--High-temperature; 4--Medium-temperature; 5--Low- 
temperature ; 6--Engine fuels (1); 7--Mandatory electrical energy (2); 8--Total 
final uses; 9--Total primary sources; 10--Target. 


The PEN expresses the investments--at constant lire--which are necessary to achieve 
the above-mentioned target figures and the incentives which the ‘public central 
system" should provide in order to attain the high predetermined savings levels 
(Table C). 














Table C. Investments and Incentives Provided by PEN in Billions of Lire (at 1980 
Value) 


triennio _periodo 15) 
81/83 8490 81/90 





1 )Attivita mineraria idro- 











carburi e ciclo petrolifero 5650 11500 17150 
2)Gas naturale 1700 1600 3300 
3)Carbone 1150 9950 11100 
/4,)Nucleare 2350 10400 12750 
5 Ndroelettrica 1200 3900 5100 
6 termia 300 700 1000 
7 )Rinnovabili (solare, ec.) 350 1050 1400 
8)Trasmissione e distribuzio- 
ne dell’energia elettrica 3800 8500 12300 
9 TOTALE 16500 47600 64100 
10 )Residenziale 750 2250 3000 
11 )Agricoltura 50 SO 100 
12 enerazione 80 170 250 
13)Industria 750 1650 2400 
14)Trasporto 1200 2050 3250 

9 )TOTALE 2830 6170 9000 





- 


Key: 1l1--Hydrocarbons mining activities and petroleum cycle; 2--Natural gas; 3--Coal; 
4--Nuclear; 5--Hydroelectric; 6--Geothermal; 7--Renewable (solar), etc.; 8--Electric 
energy transmission and distribution; 9--Total; 10--Residential; 11--Agriculture; 
12--Joint generation; 13--Industry; 14--Transportation; 15--3-year period. 


The PEN reveals a more determined awareness of the need profoundly and rapidly to 
modify the national energy system since it is quite clear that the effects of in- 
novations introduced can manifest themselves fully only during the last years of 
this decade or, perhaps, during the next decade. 


The PEN furnishes guidelines that can orient the priorities under the PNRE: 


(a) the effort which the plan calls for in the matter of diversification of sources 
undoubtedly introduces important elements of flexibility in national energy supply; 
further forms of flexibility will however be obtained through adoption of techno- 
logies capable of improving the effiency of the energy transformation, distribution, 
and utilization process; other important sources finally can come from the avail- 
ability of technologies designed to use energy materials of declining quality or 
those materials which are difficult to treat; 


(b) It is interesting to know that the plan's objectives include the objective of 
making technological and supply policy choices which would promote the Italian 
industrial system in terms of improving and selling its own products and systems 

on the international market; this objective in particular is of decisive importance 
regarding the priority choices in the field of energy search; 














(c) Another important criterion in guiding research activities consists of an analy- 
sis--although perhaps a rather broad one--of the energy aspects for the nineties. 


In this respect, the PEN does not quantify the overall energy need for that decade 
but considers it highly probable that "the basic scenario outlined for the eighties 
will continue even for the following decades with qualitatively similar character- 
istics." 


In this sense, the policy aimed at the progressive reduction of the Italian energy 
system's dependence on petroleum and, more generally on hydrocarbons , will un- 
doubtedly be boosted and intensified; therefore it looks forward to progressively 
increased recourse to the nuclear source concerning electric power generation and 
coal conversion systems regarding the satisfaction of some of the currently neces- 
sary uses of petroleum. Finally, the savings and renewable sources exploitation 
policy will inevitably have to be based on the availability of more sophisticated 
and complex technologies in view of the fact that the most profitable and the 
simplest actions will in all probability already have been completed during the 
eighties. 


From the present PNRE, the energy plan requires the identification of research 

lines, of action instruments, the definition of roles, as well as all of the neces~ 
sary compatibility studies both regarding the PEN itself and the general directions 
for support to research, and finally the country's economic and financial policies. 


To this end the PEN does not consider the expenditures necessary which the 
enlarged public sectors will have to come up with in the matter of energy research, 
either in terms of investments, OT in terms of incentives. 


There are however areas of possible overlap between the PEN and the PNRE especially 
regarding the policies and actions to be undertaken in the field of energy savings 
and efficient energy use (Chapter 4 of the PEN). 


These possible overlaps essentially involve the following: 


The demonstration programs, 
Incentives for development and for technological innovations. 


From the viewpoint of financial estimates, the elimination of these overlaps appears 
relatively simple because, moreover, the demonstration programs and the incentive 
for development constitute essential instruments of support and guidance for re- 
search activities; it seems necessary to achieve maximum possible coordination 

when it comes to implementing the PEN and the PNRE in these two areas in particular. 
In any case, the parts of the PNRE which are devoted to this point have been checked 
out and coordinated with similar indications in the PEN by way of a first approxima- 
tion. Regarding the financial commitments, independently of the organizational 
structure which will then have to be provided for expenditures and for the necessary 
studies of a technical and economic nature, we tried, to the extent possible, to 
eliminate any potential duplications; consequently, the financial estimates of the 
PNRE can, without any significant errors, be added up together with those of the PEN. 





Chapter 5. The PNRE in the International Context 


A national research program on energy must be strictly tied in with energy policy, 
with che technological potential, with natural resources, with industrial growth 
objectives, and with the overall economic resources of the country for which it is 
being prepared. 


This condition in general does not make it possible to transfer all this from one 
country to the next, in other words, not only the programs, but also the individual 
research topics unless we have first verified congruence with the diverse local 
Situation. 


In spite of that, the supranational dimension of the "energy" problem makes it 
necessary to check the compatibility of national programs with the research and 
development strategies worked out by the appropriate international agencies which 
Italy has joined, that is, the IEA, an offshoot of the OZCD, and the EEC. 


Since the EEC has subscribed to the strategy of the IEA, we think that we should 
refer only to the latter. 


Before going on to an illustration of this strategy, it is a good idea to note that 
the congruence of the PNRE with the PEN is a first guarantee of compatibility of 
the PNRE with the international tendencies. The PEN as a matter of fact takes into 
account the country's international commitments in the matter of energy policy. 


The CRD (Research and Development Committee) of the IEA in 1976 started the develop- 
ment of a program calling for the study of technological-energy systems, using a 
special study group (Steering Group for Energy R & D Systems Analysis) and the 
laboratories at Juelich in Germany and Brookhavenin the United States. So far, 

15 countries! and the EEC have joined this initiative. 


The final report of the CPD on this activity* was submitted to the Committee of 
Ministers of the Agency (Governiag Board) in May 1980 and the board in the meant “ne 
has decided: 


To adopt a strategy in line with the "accelerated scenario" (in other words, to 
provide for an intensification of the effort designed to speed up the introduction, 
on the international market, of new energy technologies so as to reduce the im- 
ports of petroleum) ; 


To consider the research and development strategy of the IEA as a guide in establish- 
ing the national priorities and financing levels, and to determine the priorities 
for initiatives within international collaboration in the IEA itself; 


To give the CRD the task of periodically checking the congruence of the national 
programs with the [EA strategy; 


To invite the Consultative Committee for the Coal Industry to develop the new 
technologies that will help promote an accelerated expansion of the production and 
use of coal. 








The strategy worked out by the IEA is based on the fol?.owing assumptions: 
Modest and gradual decline in economic growth rate; 
Continuing rise of real prices for petroleum and energy in general; 


Substantial reduction in the growth of the needs of the final users of energy through 
an increase in efficiency in the various uses of energy. 


The strategic outlines of the agency are expressed by the priorities listed in 
Table l. 
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Table l. 


General priorities of technologies (1) 
Priority l 


Final uses: 

Conservation, traction transportation 
systems 

Conservation, plants in buildings 
(mostly heat pumps) 


Conservation in industry 


Residential and commercial buildings, 
solar heating and cooling 


Production: 

Improvements in gas procurement 
(met hane) 

Improvements in crude procurement 


Tar sands and bituminous shale 


Conversion: 


Advanced converters for nuclear reactors 


Alternate fuel for transportation 
Fast [breeder] reactors 
Coal liquefaction 


Key support technologies for com- 
plete utilization of existing 
energy systems: 

Coal technologies for environmental 
protection (including atmospheric 
pressure bed) 

Coal mines 


Nuclear reactor safety 
Nuclear fuel cycle 


Priority 2 
Production 
Geothermal (hydrothermal) energy 


Conversion: 

Combined cycle (including gasification 
at low calorific power and pres- 
surized fluid bed) 


[Continued on following page] 


Exploratory 
R & D 


XXXXXXXXXX 
XXXXXXXXKX 


SESREREE EE 
XXXXXKKKX 


XXXKKKXKXX 
XXXXXXXKEKXK 


XXXAOOKKXKX 
XXXXXXXXXX 


XXXXKKKXKX 
XXXX KKK 


Testing 
to scale 
for 
pilot 
plants 


XXXXXXXXXX 
XXXXXIOKY PX 


XXXXXXXXXX 
XXXXXXXXXX 


XXXXXXXXXX 
XXXXXXXXXK 


XXXXXXXXXX 
XXXXXXXXXX 


XXXXXXIXXK 
XXXXXXXXXX 


XXXXXXXRXX 
XXXXXKAKKKE 


XXXXXXXXXX 
XXXXXXXXXX 


IEA--Strategy of Research and Development Group in Energy Field 


Demonstra- 
tion 


OQ0000000 
000000000 


XXXXXXXXX 
XXXXXKXKXK 


O00000000 
000000000 


XXXXXXXXX 
XXXXXXXXX 


XXXXXAEXK 
XXXXXXXXX 


000000000 
o00000000 


000000000 
000000000 


000000000 
Oo0o0000000 


000000000 
000000000 


DOO000000 
000000000 


000000000 
000000000 


Sale 


000000000 
o00000000 


OO0000000 
ooc 000000 


OO00000000 
Oo00000000 


OO00000000 
000000000 


Oo00000000 
oo0000000 


000000000 
000000000 


000000000 
000000000 


O00000000 
OO00000000 


O00000000 
o00000000 








[Continued from preceding page] 


General priorities of technologies (1) Exploratory Testing Demonstra- Sale 
R & D to scale tion 
for 
pilot 
plants 
Fuels from biomass XXXXXXXXKX XXXXKXXXXX 000000000 
XXXXXXXXKXX  XXXXXXXXXX 000000000 
Gasification at high calorific power XXXXXXXXXX XXXXXXXXXX 000000000 
XXXXXXXXXX  XXXXKKIKKX 000000000 
Priority # 
Final uses 
Electric cars XXXXXXXXXX 0000000000 
XXXXXXXXXX 0000000000 
Production: 
Geo-pressurized methane 0000000000 
0000000000 
Wind energy XXXXXXXXXX  O000000000 
XXXXXXXXXX 0000000000 
Priority 4 
Production: 
Hot dry rocks, geothermal ener 0000900000 
sid 7 by 0000000000 
Ocean energy (tides, wave motion, 
conversion of thermal energy 
from oceans) XXXXXXXXXX 0000000000 
XXxX0OOKXK 0000000000 
Electric energy from solar energy XXXXXXXXXX =O00O0000000 
XXXXXXXXXX  O000000000 
Conversion 
Fuel cells XXXXXXXXXX OO0COOODOOO 
XXXXXXXXXK  O0000000000 
Fusion (2) 0000000000 
0000000000 
Gasification at medium-low calorific 
power 0000000000 
XXXXXXXXXX  O000000000 
Magnetohydrodynamics 0000000000 
0000000000 
Nonfossil systems for hydrogen 
production 0000000000 
0000000000 
Underground coal gasification XXXXXXXXXX O000O00000 
XXXXXXXXXX 0000000000 








(1) The priorities apply to countries of the IEA, taken as a group, and they do not 
apply to any country in particular; (2) Fusion is included in priority 4 because it 
will not soon be available (2020); however, considering its potential vast contri- 
bution and its long period of assertion, sufficient efforts should as a matter of 
fact be made to develop this technology. 


Oo00000000 


XXXXXXXXXX 
Ty = current situation; 000000000 = objectives to be attained. 
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This table, it must be emphasized, applies to all member countries but as a matter 
of principle it does not apply to each of them. Depending upon the individual 
national situations, as a matter of fact, the order of priority may require even 
radical changes. 


For example, the exploitation of geothermal sources, which has priority 2 for all 
of the countries of the IEA, has priority 1 for Italy where this source is abundant. 


We must also realize quite clearly that not necessarily every country must "tackle" 
all problems or all aspects of various problems. 


In this connection, an accurate examination of the national programs of the princi- 
pal countries belonging to the IEA will be necessary during the executive planning 
phase for the activities through which the PNRE will be specifically expressed, 
precisely in order accurately to establish the status of research in the various 
sectors and to spell out the scope and quality of the Italian effort. 


In order to clarify this aspect better, we have introduced, in Section B of this 
volume, set aside for the proposed research efforts, in every chapter, that is, a 
paragraph stating the international tendencies for the sector considered. 


Chapter 6. Summary of PNRE 


In the light of the points made in the preceding chapters, the PNRE, in spelling 

out the strategy for the development of energy technologies, cal} for an indication 
of the action priorities so as to render the steps that become most necessary opera- 
tional in a short time. 


The scale of priorities for energy technologies was constructed on the basis of 
those which most likely can supply the largest quantities of energy at costs com 
patible with the objectives of maximum energy security. 


In general terms, the analyses which follow in section B were prepared on the basis 
of establishing the priority categories for the various energy technologies in the 
light of the following main criteria: 


Estimate--within the context of the current status of knowledge--of the possibilities 
of economic and technical success of each technology; 


Connection of individual technologies with current capacities of research instru- 
ments existing in Italy; 


Ability of various technologies to respond to domestic industrial capacities; 
Possibility of dissemination on national territory and international markets. 
Nevertheless, because of uncertainties connected with future predictions, we cannot 


overlook those technologies which, in the light of the above criteria, would turn 
out to have a low priority (for example, nuclear fusion). 
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The amount of money to be used for research and development in the individual 
technologies therefore is a function not only of the degree of priority but also 

of its status of development. This may mean that a technology with a high priority 
which however is still in the exploratory phase can take less financing than a 
technology with a low priority which however is in a more advanced demonstration 
stage. 


Section B which follows is divided into the following six fundamental sectors: 
(a) Fossil fuels (Part I), 

(b) Nuclear energy (Part II), 

(c) Other energy sources (Part III), 

(d) Final uses of energy (Part IV), 

(e) Energy carriers (Part V), 

(f£) Interdisciplinary topics (Part VI). 

Every sector includes several aspects each of which is taken up according to an 
organizational pattern which provides for the following: premise, state of the art 
in Italy, with indication of main operators and description of time activities; 
international trends; research and development lines; choice criteria; research 


topics proposed a7d pertinent expenditure estimates; responsibility for action to 
obtain objectives. 
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PNRE Expenditure Distribution. Key: 1--Fossil fuels (18.1%); 2--Other sources 
(15.3%); 3--Nuclear energy (17.0%); 4--Energy carriers (9.2%); 5--Final energy uses 
(36.7%); 6--Interdisciplinary topics (3.7%). 


The overall expenditure amounts to about 2.95 trillion lire, including both public 
and private activities. 


Table 2 is a summary of expenditure estimates for each sector and the percentage 
rate out of the total anticipated spending volume. 














Table 2. 
% * 
G) Miliardi deicapi- della 
tali sulla parte 
H) parte 1) 
A) Combustibili fossili : 
(parte I) . 18,08 
1) Carbone 411,8 77,29 
2) Idrocarburi 121,0 22,71 
TOTAL. 532,8 100,0 
B) Energia Nucleare 
(parte II) 16,97 
1) Fissione 500,0 100,0 
TOTAL. 500,0 100,0 
C) Altre fonti di energia 
(parte ITI) 15,34 
1) Energia Solare 140.0 30,97 
2) Biomasse 60,0 13,28 
3) Rifiuti 30,5 6,75 
4) Energia Eolica 35,0 7,74 
5) Energia Idraulica 80 1,77 
6) Energia Geotermica 60,0 13,27 
7) Fusione 113,0 25,00 
8) Biotecnologie 5,5 1,22 
TOTAL 452.0 100,0 
D) Usi finali (parte IV) 36,66 
1) Usi agricoli e zootecnici 15,0 1,39 
2) Usi civili ed edilizia 250.0 23,15 
3) Usi industriali 400,0 37,04 
4) Usi nei trasporti 410,0 37,96 
5) Energia e territorio 5,0 0,46 
TOTAL. 1.080.0 100,0 
E) Vettori energetici 
(parte V) 9,23 
1) Produzione di energia 
elettrica 40,0 14,70 
2) Trasporto, accumolo e 
distribuzione dell’energia 
elettrica 127,0 46,70 
3) Trasporto, accumolo e 
distribuzione del calore 65,0 23,90 
4) Utilizzazione dell'idro- 
geno ‘40,0 14,70 
TOTAL. 272,0 100,0 
F) Temi interdisciplinari 
(parte VI) 3,70 
1) Modelli energetici e 
Banche dati 48.0 44,04 
2) Problematiche socio- 
economiche ~ 40 3,67 
3) Legislazione 
e normativa 7,0 6,42 
4) Ambiente e salute 50,0 45,87 
TOTAL} 109,0 100,0 
J) TOTALE GENERALE 2.945,8 100,0 
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Expenditure Estimates in Billions of Lire and Percentages 


Key: A--Fossil fuels (part I), (1) 
Coal (2) Hydrocarbons; B--Nuclear 
energy (part II), (1) Fission; 
C--Other energy sources (part III), 
(1) Solar energy, (2) Biomass, (3) 
Waste; (4) Wind energy, (5) Energy 
from water power, (6) Geothermal 
energy, (7) Fusion, (8) Biotechno- 
logies; D--Final uses (part IV), 
(1) Agricultural and livestock uses, 
(2) Civilian uses and housing 
construction, (3) Industrial uses, 
(4) Uses in transportation, (5) 
Energy and territory; E--Energy 
carriers (part V), (1) Electric 
energy generation, (2) Electric 
energy transportation, storage, and 
distribution, (3) Heat transporta- 
tion, storage, and distribution, 
(4) Hydrogen utilization; F--Inter- 
disciplinary topics (part VI), 

(1) Energy models and data banks, 
(2) Fiscial-economic problems, 

(3) Legislation and standards, 

(4) Environment and health; 
G--Billions; H--% of capital in 
part; I--% of part; J--Grand total. 











Chapter 7. Transfer of Knowledge 


To spell out the transfer actions, we need a preliminary listing of the various users 
who must work with the research findings; the time frame, the methods, and the 
quality of actions as a matter of fact vary tremendously depending upon whether we 
are dealing with a single user or a collective-type user. 


In the PNRE, we undoubtedly are mostly concerned with group users who want to ac- 
quire the technological product; this can be presented as the result of various 
proposed action sectors. 


Concerning the transfer of results from a more detailed examination of the action 
lines, we can assume the following: 


(a) Actions pertaining to sectors in which the public administration is the direct 
recipient of the research product (transportation, geothermal sector, nuclear in- 
dustry, electric energy transmission) ; 


(b) Actions dealing with sectors which require standardization on the part of the 
public administration to have a real effect on the community as a whole (buildings, 
territory) ; 


(c) Actions involving sectors where the standardization activities of the public 
administration can work toward rapid acquisition by the particular community 
(agriculture, renewable resources, waste). 


In the first case, the transfer problem does not come up or assumes a connotation 
which is entirely unique, whereas research activities are carried out in close 
contact, if not directly, with the public agency or the public administration that 
also has the task of guaranteeing the daily handling of the problems that research 
is working on. 


In the second case, the situation is more complex and undoubtedly makes it necessary 
to take ad-hoc action to produce a larger fallout from the research results. The 
ratio between economic return and investments generally reveals such dimensions 
(above all in terms of the time necessary for amortization) that the action of the 
individual user would be difficult to carry out if it were not supported by cori- 
comitant promotional efforts (high price of goods, instruments to provide incentives 
or to remove incentives, technical standards). 


Implementing actions of this kind however is very difficult not only during the 
action phase but above all during the planning phase; as a matter of fact, to or- 
ganize the instrument properly, we must indetail know all of the features of the 
system which we wish to work upon. 


The transfer role in this case assumes the double function of informing the indivi- 
dual user as to the benefits which may derive from the acquisition of particular 
technologies and at the same time to understand and promote the formation of a 
request addressed to the public administration for the supply of suitable instru~ 
ments that provide an incentive. 
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At the same time it is necessary to arrange for an information and indoctrination 
effort on the part of the appropriate public administrations; in particular one 
must develop the basic information instruments (white books, manuals, state of the 
art reports) which constitute the necessary support for any effective action in 
terms of standardization. 


Among the information instruments we must however make special mention of the supply 
of data on research projects underway and/or in planning for the twin purpose of 
presenting and regrouping the novel aspects of the individual sectors and at the 
same time give the interested operators the most up-to-date possible picture of 
current activities and trends. 


The use of “data banks" for energy research is one of the basic instruments neces- 
sary for this continuous updating and for quickly working out synthetic examinations 
for every specific sector. In this context we must recall the activities of the 

PFE of the CNR concerning documentation of research in the energy sector and the 
positive results deriving from the first investigation promoted by the MRST [Min- 
istry of Scientific and Technological Research] concerning energy research in Italy. 


The establishment of "research censuses"~-with a possibility of classification by 
research subjects--can also supply effective support for the decisions to be made 
in the transfer process, especially regarding the specific projects in a particular 
sector. 


In the third case, we come to the classical problem of transfer and hence of re- 
lations with the individual user, although the implementation of effective inter- 
action with the public administration continues to be very important. The almost 
complete absence of both government and private initiatives in the technology 
transfer field (with the subsequent absence of specialists), the serious failures 
of the research sector--these most emphatically point to the creation of a central 
macrostructure which would inevitably lead to the formal establishment of the nth 
useless if not harmful agency. 


It is undoubtedly preferable to think in terms of the establishment, within the 
various agencies in which the research efforts of the PNRE will be organized, of 
small groups (two or three persons) with the task of establishing operational 
contacts with all of the agencies directly involved in the technological promotion 
of enterprises (industrial and agricultural organizations, worker categcries, 
chambers of commerce, etc.). The transfer operation as a matter of fact implies the 
launching of as many, also delicate operations (here we might merely think of the 
cost-benefit estimates) that necessitate the intervention of multiple structures 
with considerable financial resources, with the assumption of risks, and--this is 
an extremely important factor--the confidence of the user. 


For the purpose of an effective transfer policy, there is one thing that is of 
fundamental importance and that is the direct involvement of the private sector 

in this process, not only for a fair distribution of tasks between the state and 
the private sector, but also to make sure that the introduction of innnovations in 
a company will always involve a voluntary act which will use government interven- 
tion only in the form of standards or financial incentives. 
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It will therefore be the task of the individual small groups, in their sector of 
competence, to pursue continuous contact with these organizations in order to 
supply them with detailed information, to provide support for their action, and 
to collect energy research requests for the possible formulation of research pro- 
jects. 


Similar contacts will have to be established with the public administrations which 
are interested in updating their information on the state of the art at the proper 
time, along with requests for the formulation of standardization project, the 
definition of particular research efforts, and the: acual arrangement of these 
activities as such. 


It will also be necessary to provide for an effort designed to interconnect these 
little groups in order to promote the coordination and strengthening of the in- 
dividual initiatives. In this case likewise, this task could be assigned to no 
more than two persons and the definition of the operational methods will have to 
be correlated with the coordination structure under the PNRE. 


It furthermore appears necessary to make further use of energy models in terms of 
actual supplies and future strategies which would gradually furnish both the demand 
and the supply in the energy field (here we might recall the activities carried out 
on "Energy Technology Systems Analysis" under the IEA and the activities on "Analysis 
of Energy Systems and Strategy Studies" by the EEC). 


Once the necessary data have been acquired, these models in turn will periodically 
furnish a picture of the existing situations and will complete the information neces- 
sar to stay within and verify the guidelines of the PEN. 


In order to continue to develop this sector, it will be necessary to create various 
coordination structures and to establish ad-hoc study groups to handle and organize 
this entire effort. 


In the light of these considerations, the MRST will continue the work it started with 
the first survey on energy research, drafting a new questionnaire, among other 
things in line with the indications furnished within the IEA and the EEC, t» be 
distributed and compiled annually. 


FOOTNOTES 


1. Austria, Belgium, Canada, Denmark, the FRG, Japan, Engiand, Ireland, Italy, 
Norway, New Zealand, Spain, the United States, Sweden, and Switzerland. 


2. "A group strategy for energy research development and demonstration," IEA, OECD, 
"aris 1980. 


Role of Mineral Fuels 
Rome RASSEGNA PETROLIFERA in Italian 29 May 81 pp 453-458 
[Text] In this issue we start the publication of Section B 


of the PNRE pertaining to the first part and involving fossil 
fuels (coal and hydrocarbons). 
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Section B. Part I. Fossil Fuels 
Chapter 1. Coal (CB) 
l,l. Premise 


The prospects for more accentuated use of coal, recently also stressed by the 
governing board of the IEA, in many countries throughout the world has stimulated 
a renewed commitment to research in all phases of the coal cycle extending from 
the development of mines, transportation, and distribution to direct burning and 
conversion into liquid and gaseous products. . 


In Italy likewise the PEN calls for a major increase in coal consumption for energy 
use. Besides, prospects for a reopening of the Sulcis mines with coal having a 
high sulfur content necessitates the solution of many problems and the introduction 
of new technologies for the kind of use of coal which would be both economical and 
nonpolluting. 


All of this calls for a major research and development effort so as to enable the 
country, during the time frame established by the PEN, to attain the desired level 
of diversification in energy supplies. In particular it is necessary to solve 
complex problems of an environmental and logistics nature. 

1.2. State of the Art 


1.2.1. Main Operators 


The main research operators in the coal area and the pertinent activity sectors are 
as follows: 


ENI--Mining development; Sulcis coal; logistics; coal conversion; 
ENEL--Combustion; environmental problems; advanced utilization techniques; 


IRI--Logistics; use of coal in steel industry; combusion systems and effluent 
control; 


CNR--Use of ash, coal and oil mixtures, technological problems pertaining to com 
bustion (studies carried out under the PFE). 


1.2.2. Activities in Progress 
The consumption of steam coal in Italy in the past was very small and was reflected 
by a limited research effort which only recently assumed new scope and broadened 


its horizons, looking forward to more extensive and less conventional uses of coal. 


The research now in progress concerning the use of coal for steam is aimed at the 
following objectives: 


Fluidized-bed combustion; 
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Better environmental compatibility of conversion plants; 
Utilization of ash; 

Transport of coal suspensions in pipelines; 

Preparation and burning of mixtures of fuel oil and coal; 


Studies and research efforts. were launched more recently on the gasification and 
liquefaction of coal, on removing the polluting gaseous products in coal-fired 
power plants and from the fuel cells, and on eliminating (irreversible)submicronic 
particles. 


Concerning metallurgical coal, research is now in progress aimed at the production 
of coke from coal grades which are less in demand and which are less expensive than 
those now used. 


1.3. International Trend 


Both the countries that have coal and the countries that import coal are looking 
to this source to guarantee the diversification of supplies and to reduce the 
foreign exchange outlay for energy imports. We expect as a matter of fact that 
international steam coal trade will, between now and the end of the century, in- 
crease from 55 million to 300 million tec [tons of coal equivalent] per year. 


On the international level, the techniques used in coal mining development, both 
above-ground and below-ground, are well developed. But research is being pursued 
for the purpose of improving mining safety, increasing productivity, and refining 
coal through the elimination of sterile components. 


Concerning transportation and distribution (maritime terminals, loading and unload- 
ings systems, large and small tonnage vessels, barges, railroad cars, unit trains, 
coal pipelines), the technologies are almost ready. It is nevertheless necessary 
to continue a major effort in terms of analysis, planning, and construction if we 
want to develop the international steam coal market through adequate reception 

and distribution systems in countries such as Italy which currently do not have 
any such thing. 


For the conventional use of coal--direct burning--the technologies are now available 
and now being used widely. The as yet unresolved problems deal with ecological 
requirements, such as the progressive decline in the specific sulfur emission, as 
well as ash and nitrogen oxide. New systems of desulfuration of fumes and new 
combustion methods, such as f]yidized-hed combustion, are being developed, above 

«ll to permit the use of coal grades with a high sulfur content. Finally, to in- 
crease the possibilities of using coal in existing plants, research studies and 
demonstration efforts are now underway concerning the burning of mixtures of fuel 
oil and coal which may contain coal up to 50 percent. 


Particular importance is assigned to the technologies for the conversion of coal 
in gaseous and liquid products which are more easily distributed and used. 
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Among the various coal conversion techniques, gasification plays an outstanding 
role because of the variety of products and applications involved. 


Gas with a low calorific power, which is obtained by gasifying coal in the absence 
of air, can be used for the production of electric energy through combined cycles. 
This technology is in the development phase, for example, in Germany and in the 
United States. 


Gas with medium calorific power, which is obtained by gasifying coal in the absence 
of air enriched with oxygen and which can be transported economically over medium 
distances (up to 100 km), can be used not only to supply electric power plants and 
industrial complexes but also constitutes the most worthwhile raw material for the 
production of chemical derivatives, especially ammonia and methanol, and liquid 
products for the transportation sector (methanol and higher alcohols, gasoline). 


From gas with medium calorific power we can finally, through methanization, obtain 
a gas with a higher calorific power, replacing natural gas (SNG), which can be 
distributed in the currently existing networks. 


The versatility of gasification and the prospects of application which can be de- 
tected in medium-range terns in recent years stimulated intensive research which 

has made it possible to follow up the first-generation processes (Lugi, Winkler, 
Koppers-Toztel) with a series of more advanced processes, some of which are already 
very close to the commercial scale. Plant laboratories are also studying promising 
third-generation processes, for example, rapid hydrolysis and catalytic gasification. 


There is another technology which is recognized world-wide as being of considerable 
potential interest; this involves the liquefaction of coal. The production of a 
synthetic crude (or gasoline) from coal can as a matter of fact permit a more 
flexible transition from petroleum to coal, both using the existing transportation 
and distribution structures and permitting the upgrading of poor coal (Sulcis). 


In the development of conversion technologies we in particular detect a clear 

search for cooperation on the international level; as a matter of fact, the technical 
and financial risks connected with the development of these technologies are such 

as to justify the establishment of corporations. 

Legend for Symbols Used in Section B 

Teme kL 


Research topic; code; subject; number of research topic (variable); research 
(variable) 


ST. = Subtopic 
Example: ST. 1/1 = Subtopic 1 or Subtopic 1 [as published] 


Code for type of research: B--Basic research; A--Applied research; S--Development ; 
D--Demonstration. 
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1.4, RS&D (Research, Development, and Demonstration] Development Lines 
1.4.1. Choice criteria 


The PEN establishes the following objectives regarding coal. Rapid increase in 
steam coal consumption from the current figure of 5 million t to 55-60 million t 
in 1990; 


Reactivating of Mining Development of the Sulcis basin; 
Policy aimed at obtaining coal supply sources from abroad; 


Early establishment of infrastructure for importing and distributing large quanti-~ 
ties of coal; 


Study and solution of environmental problems connected with coal use; 


Development of new technologies, particularly those for the conversion of coal into 
liquid and gaseous products, also through participation in international programs. 


In line with these indications, five research, d2velopment, and demonstration have 
been spelled out. ; 


The first topic"Sulcis coal"(T.CB.1), subdivided into four subtopics, takes into 
the account to the fact that research, being aimed a specific industrial activity 
must with a high technological level also by acquiring the necessary knowledge 
from abroad. This i particular applies to mining activities (ST. 1-CP. But in 
theory also the others such as "refinement of coal" (St. CB. 1), “utilization 
and gasification" (St. 3-CB 1), and "Transformation of synthesis gas" (St. 4-CB.1). 
The last two subtopics, here concentratingon the "Sulcis" problem, will be pursued 
further in depth and will be developed in the research topic entitled "Transforma- 
tion of coal into products with greater mobility’ (T. CB.4). 


The topic "Logistics" (T. CB. 4) is devoted to the analysis and optimization of 
imported coal receiving and distribution systems; this topic also proposes the 
study, planning, and development of essential component of such systems and perti- 
nent machinery. 


The third topic, "Reduction of Polluting Agents and Employment of Residues" (T. 
CB.3) tackles the ecological problems closely connected with the generalized 
use of coal. Other than the development of specific technologies; removal of power 
[dust] (St. 1-CB3), desulfuration (St. 2-CB.2-CB.3), use and disposal of ash 

St. 4 CB-3)--consideration was also given to the development of equipment (St. 
3-CB3) and processes (fluidized-bed combustion) (St. 5-BD.3) which, through the 
improvement in efficiency and output in general, indirectly are supposed to attain 
the same goals. 


In the previously mentioned fourth topic entitled "Transformation into more mobile 
products" (T.CB.4), we propose the study and development of coal transport in the 
form of suspensions with water or other carriers (St. 1-CB.4) and coke in a watery 
solution (St. 2-CB.4). The two important subjects of gasification (at low calorific 
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power, with St. 3-CB. 4, and medium and high calorific power, St. 4-CB.4, ard of 
coal liquefaction are all taken up. In both of these sectors, Italian research 
will have to tie in with what is happening in the other industrialized countries 
not only to reduce the technical risks but also to redistribute the certainly 
tremendous financial risks. 


Finally, in the fifth topic, "steel industry applications" (T. CB.5), there is a 
proposal for three subtopics aimed at perfecting known and introducing new technolo- 
gies. 

1.4.2. Research Topics Proposed 

T.CB. 1.--"Sulcis" Coal 

St. l--Mining activities, development of machinery and instruments (A--S) ; 


St. 2--Coal refining, washing and pretreatment systems (A--S); 


St. 3--Utilization, gasification, demonstration modules of industrial size 
(500 t/g) (D); 


St. 4--Catalytic transformation of synthesis gas into oxygenated products for gaso- 
line or medium distillates (D). 


T.CB. 2--Logistics 


St. l--Technical-economic analysis of coal supply and utilization system in Italy; 
location and user consumption, origin, means of transportation, and route analysis 


(A) ; 


St. 2--Engineering for coal reception system in Italy, elements for planning the 
standard terminal (A); 


St. 3--Engineering for the coal distribution system in Italy, optimization of 
distribution system (A); 


St. 4--Transportation system components; planning and construction of prototype of 
transportation equipment and technical-economic research on use of unit-assembly 
ships and continuous unloading mechanisms (A--S) 

T.CB. 3--Reduction of pollution agents and use of waste 

St. l--Dust removal systems; pulse generators and improvement of geometry of elec- 
trodes and generators themselves in electrostatic precipitators, new filtration 


systems (B--A). 


St. 2--Desulfuration; second generation processes (processes which regenerate and 
minimize the resultant products) ; 


St. 2/1--With double alkalis (B--A); 
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St. 


2--Disposal of resultant sludge (A--S). 


St. 3--Development of apparatus; 


St. 


3/1--Burners (reduction of emissions, study of flame and heat profile in frame) 


(B--A) 


St. 3/2--Treatment and movement (A--S); 


St. 


3/3--Generators (boilers); vibrations, "on-line’ regulation, heat exchange and 


dynamic performance (A) ; 


St. 


St. 
D). 


St. 
St. 
St. 
St. 


St. 


3/4---Safety devices (A). 


4--Use and disposal of ash; civilian, industrial, and agricultural uses (A--S-- 


5--Fluidized bed; 

5/1--Demonstration plant (D); 

5/2--Support plant (D); 

5/3-Application in industrial generators, feasibility (A); 


5/4--Fluidized bed, feasibility (D). 


T.CB.4--Transformation into more mobile products. 


St. 1--Mixtures of fuel oil and coal; 

St. 1/l--Separation of mixture (A--S); 

St. 1/2--Utilization of mixture (A--S); 

St. 1/3--Critical components (A--S) ; 

St. 2--Transportation of coke in watery solution; decay of coke-making properties 
(A--S). 

St. 3--Gasification at low calorific power; 

St. 3/1--Demonstration plant; production 

St. 3/2--Demonstration plant, utilization (combined cycles) (D). 

St. 4--Gasification at medium and high calorific power and transformation of 


synthesis gas; 


St. 


4/1--Fuel cells (B--A); 


St. 4/2--Third-generation processes; rapid and direct hydrogenation; catalytic 
gasification (B--A); 
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St. 4/3--Gasifiers on pilot and industrial scale (A--S); 

St. 4/4/--Critical component testing circuit (A); 

St. 4/5--Production of liquids (from synthesis gas) (A--S); 

St. 4/6--Use of methanol in domestic heating (D) ; 

St. 4/7--Use of methanol and oxygenated products in industry (D); 

St. 4/8--Use of ash in industrial sector (D); 

St. 4/9--Use of ash in civilian sector (D); 

St. 4/10--Use of ash in agricultural sector (D). 

St. 5--Direct liquefaction; 

St. 5/l--Analysis of principal demonstration projects (A) ; 

St. 5/2--Participation in demonstration projects (A--D); 

St. 5/3--Second demonstration processes; research and pilot plants; (B--A) ; 
St. 5/4--Liquefaction with techniques borrowed from petroum technology (A). 
T. CB. 5--Applications in steel industry 

St. 1--Operational and thermal improvement of coke-making batteries (A). 


St. 2--Use of non-coke-making coal grades in the charges of coke-making batteries 


(A). 


St. 3--Injection of mixtures of fuel oil and coal into the pipes of the blast 
furnace (A). 


1.5. Expenditure Estimates 


Table CB is a compilation of the research undertakings proposed under the heading 
of "Coal" and gives an expenditure estimate for each of them. 


The table tells us that: 


Expenditures for studies and research amount to 100 billions while those for demon- 
stration projects will take 312 billions so that the total spending volume, over 
a period of five years, will amount to 411.8 billion lire. 


It is difficult to come up with general criteria in defining the level of public 
financing for the various research undertakings also because the latter often 
differ considerably in terms of technical and economic risks. However, we believe 
that it would be a good idea if there were joint financial participation by the 
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proposing agencies in the laboratory research activities while the public contri- 
bution should be greater in projects of a demonstration nature. 


For this sector, finally, we consider it necessary to provide for the creation of 

a research and demonstration activity center (Al--CB) which would also make it 
possible to work in cooperation with the existing specialized institutes. The 
center would have devote itself to theoretical studies (for example, petrography 
and geophysics), tests to describe coal characteristics, and development work on 
the "bench-scale" and demonstration levels, technical advances in combustion, 
gasification, and direct and indirect liquefaction. The center should first of all 
concern itself with mining techniques and advanced techniques for the exploitation 
of deposits, such as, for example, "in-situ" gasification. 


Spending for the "center" thus to be established is indicated in Table CB under the 
pertinent heading while the costs of the demonstration and pilot plants, which 
might possibly be put up with the center and which could be managed by it, are 
indicated under the respective item headings. 


Table CB--Compilation of Research Topics and Efforts Proposed in 
the "Coal" Sector (CB) and Pertinent Expenditure Estimates (Billions of Lire) 


Code Topics and Subtopics, Actions Type of Expenditure 
Research 
T.CB.1 Sulcis coal 
ST.1-CB.1 Mining activities A--S 137 
ST.2-CB.1 Coal refinement A--S 
ST. 3-CB.1 Utilization and gasification D 
ST.3-CB.1 Transformation of synthesis gas D 
T.CB.2 Logistics 
ST.1-CB. ] Technical-economic analysis, coal 15 
supply and utilization system in Italy A 
ST. 2-CB. 2 Receiving system engineering A 
ST.3-CB.2 Distribution system engineering A 
ST. 4-CB.2 Research on transportation system 
components A--S 
T.CB.3 Reduction of pollution agents 
and use of waste 
ST.1-CB.3 Dust removal B--A 40.25 
ST.2-CB.3 Desulfuration of fumes 
ST.2/1-CB. 3 With double alkali B--A 
ST. 2/2-CB. 3 Disposal of resultant sludge A--S 
ST. 3-CB. 3 Development of apparatus 
ST. 3/1-CB.3 Burners B--A 
ST. 3/2-CB. 3 Treatment and movement A--S 
ST.3/3-CB.3 Generators (boilers) A 
ST. 3/4-CB.3 Safety devices A 
ST .4-CB.3 Use and disposal of ash A--S--D 
ST. 5-CB. 3 Fluidized bed 
ST.5/1-CB.3 Demonstration plant D 
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Table CB [Continued from preceding page] 


Code 


ST.5/2-CB.3 
ST.5/3-CB.3 


ST.5/4-CB.3 


T.CB.4 


ST. 
ST. 
ST. 
ST. 
ST. 
ST. 
ST. 
ST. 
ST. 


ST 


ST. 
ST. 


ST 


ST. 


ST 


ST. 
ST. 
ST. 
ST. 
ST. 
ST. 
ST. 


ST. 
ST. 


1-CB.4 


1/1-CB. 
1/2-CB. 
1/3-CB. 


2-CB.4 
3-CB.4 


3/1-CB. 
3/2-CB. 


4-CB.4 


.4/1-BC. 
4/2-CB. 
4/3-CB. 
.4/4-CB. 
4,/5-CB. 
.4/6-CG. 
4/17-CB.4 
4/8-CB. 
4/9-CB. 
4/10-CB.4 


5-CB.4 


> 


Se ee ee a ee 


4 
4 


5/1-CB-4 


5/2-CB. 


5/3-CB. 
5/4-CB. 


T.CB.5 


ST. 


ST. 
ST. 
Al- 


1-CB.5 


2-CB.5 
3-CB.5 
nB 


4 


4 
4 


Topics and Subtopics, Actions 


Support plants 

Application in industrial generators 

(feasibility study) 

Pressurized fluidized beds 

(feasibility study) 

Transformetion into More Mobile products 

Fuel oil and coal mixtures 

Mixture preparation 

Mixture utilization 

Critical components 

Transportation of coke in watery solution 

Gasification at low calorific power 

Demonstration plant 

Demonstration plant (combined cycles) 

Gasification at medium and high 

calorific power and transformation of 

synthesis gas 

Fuel cells 

Third-generation processes 

Small and medium dimensions gasification 

Critical components testing circuit 

Production of liquids 

Use of methanol, heating 

Use of methanol, industry 

Use of ash in industrial sector 

Use of ash in civilian sector 

Use of ash in agricultural sector 

Direct liquefaction 

Analysis of main demonstration projects 

Participation in demonstration and pilot 

projects 

Second-generation process 

Liquefaction with petroleum techniques 

Steel Industry Application 

Operational and thermal control of 

coke-making battery 

Non-coke-making coal grades 

Oil-coal mixture injection 

Establishment of coal research center 
Grand total 
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Type of 
Research 


D 


> > > 


Expenditure 


189.55 


15.0 


15.0 
411.8 











1.6. Specific Responsibilities and Measures 


The development and demonstration efforts indicated above for this sector must be 
coordinated by the ENI, for the nonelectric sectors, by the ENEL for the latter 
[electrical sectors], and by the IRI for steel industry uses. Here provision has 
been made for cooperation by the entire domestic industry establishment both with 
government and private participation. 


Through the final "Energy" project for the 1981-1985 5-year period, the CNR has 
been given responsibility for basic and applied research, using university and’ 
industrial facilities as well as those of the agencies mentioned and its own 
facilities. 


IRL, ENI, ENEL, and CNR will have to establish an ad-hoc coordinating body which 
furthermore will periodically have to report on the state of program progress and 
it will have to propose any possible modifications in the program in the light of 
gradually developing experience. The Organizations mentioned can then participate 
in the proposed coal research center which might possibly be organized in divisions 
for technology and/or practical applications. 


Chapter 2. Hydrocarbons (Ch) 
2.1. Premise 


Although there have been consumption shifts toward alternate forms of energy, hydro- 
carbons in the world-wide energy scenario will for a long time to come be the main 
source of energy supply. Although the demand for hydrocarbons May percentage-wise 
decline in the overall energy balance, it will go up in absolute terms at an esti- 
mated 30 percent between 1978 and 2000. Pa 

Political-economic considerations regarding supply prospects indicate that the 
non-OPEC output will have to be increased considerably to keep up with the antici- 
pated hydrocarbon consumption increase. 


This will require a tremendous research effort on topics aimed at more completely 
exploiting the currently available hydrocarbon production sources and to identify 
new and vaster areas to be worked. 

The research efforts will therefore be concentrated on topics characterized by 
heavy risks which will call for tremendous financial commitments and therefore also 
adequate incentives from the public authorities. 

2.2. State of the Art 

2.2.1. Principal Operators 

Among its institutional missions, the ENI is charged with the development of re- 


search in the field of hydrocarbons, engaging in activities aimed at the discovery 
and utilization of these sources in Italy and abroad. 
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Research activities are aimed at topics concerning discovery, production, and 
utilization of hydrocarbons in the various application sectors. Other domestic 
operators are cooperating in some research undertakings. 

The development of advanced research in Italy is important since possession Of our 
own technologies can facilitate access to the resources of producing countries 
which require more highly developed technologies. 


2.2.2. Activities in Progress 


We now present the general research topics, indicating the principal activity 
sectors of the ENI and the other operators. 


Exploration 

Given the particular Italian geological situation, which is among the must complex 
in the world, hydrocarbon exploration in Italy essentially boils down to applied 
research not based on standard technologies. 

The research lines pursued involved both interpretation of seismic data: 
Repeated deconvolutions, 

New geophysical technologies, 

Employment of transversal waves in reflection seismics, 

And the interpretation of data acquired during drilling, 

Preparation of well "logs" and stratigraphic correlation between wells. 

Drilling and Production 

The major efforts currently being made by the petroleum companies are oriented 
toward the solution of problems connected with situations that are becoming in- 
creasingly tough and difficult from the environmental and geological viewpoints 


in the drilling fields and in deposit development. 


In this context we are in particular pushing the following activities whose pursuit 
is included in the proposed research topics: 


Exploratory drilling and development of deposits in difficult environmental situa- 
tions (deep off-shore, swamps, forests, stormy seas, etc.) or difficult geological 
situations (depths of more than 7,000 m); 

Assisted recovery; 


Development and upgrading of unconventional hydrocarbons; 


Heavy oil. 





Hydrocarbon Transport 


For the transport of liquid hydrocarbons, research currently underway is oriented 
toward the perfection of existing technologies. 


Regarding on the other hand underwater gas pipelines, research is in progress for 
the purpose of innovating the techniques for the construction and repair of pipelines 


out at sea, in particular: 


Development of construction techniques and launching of vessels equipped with 
"rocket-propelled pipe-laying devices"; 


Employment of a flexible pipeline which can be flattened also; 

Remote-controlled pipeline repair work through automatic stations; 

Testing systems for pipes in deep water; 

Feasibility studies for large-diameter pipelines operating at high pressure. 

The continuation of these activities is included in the research topics proposed. 
Hydrocarbon Refining and Use 


The main lines according to which research is currently being developed are as 
follows: 


Studies on the development of quantitative and qualitative requests for petroleum 
products from he domestic market in the light of anticipated variations in con- 
sumption and availability of hydrocarbons‘, 


Studies on development of techniques and systems of refining toward lighter pro- 
ducts; 


Studies on the use of components of non-petroleum origin to be added to some pro- 
ducts in order to increase availability (fuel oil and coal mixtures, "long section" 
for diesel motors, methanol-gasoline mixtures, etc.). 


2.3. International Trends 


In view of worldwide hydrocarbun needs and currently available volumes, a major 
research effort has been developed on an international level. 


Here are the main lines: 
Expansion of the hydrocarbon supply base, using resources which are more difficult 
to reach (crude from tertiary recovery, off-shore deposits at great depths and in 


the Arctic, heavy and viscous crude, bituminous sand and shale); 


Reduction of time required for discovery and start of production at new deposits 
with particular emphasis on off-shore deposits from which a growing share of crude 
will have to come; 
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Perfection of prospecting and seismic data interpretation methods; 


Improvement of movement of hydrocarbons, in particular, natural gas, which--although 
it is a resource equivalent to petroleum from the viewpoint of reserves--for 
technical reasons is involved in international trade only on a very reduced scale; 


Increase in the yield from the use of hydrocarbons. 
2.4. RS&D [Research, Development, and Demonstration] Line 
2.4.1. Choice Criteria 


In defining the priority research and development directions we took into account 
the particular situations existing today in the hydrocarbons sector both from the 
viewpoint of utilization and from the viewpoint of supply. 


There are many research topics which can be proposed. They involve the various 
phases of the hydrocarbon cycle such as exploration, production, transportation, 
and distribution, as well as refining and utilization. 


To spell out the choice criteria, research topics can be subdivided into two major 
categories: 


(a) Topics for which, within the petroleum industry, there is a consolidated re- 
search activity, conducted with in-house funds; a typical example here is the 
development of deposits in which the AGIP [National Italian Oil Company] has been 
involved for some time. For these topics, AGIP is planning directly to take on 
most of the expenditures although in some cases financial support from the EEC is 
planned; 


(b) More advanced research topics, characterized by high risks, calling for an 
innovative and very intensive technological effort whose development can draw im- 
petus from time incentives, particularly regarding the initial feasibility and 
planning study phases as well as the demonstration and pilot plant activities. 


It is believed that only the research programs under category (b) can be inserted 
into a national energy research program. This approach was also adopted in the 
energy research plans of other countries; for example, the energy research program 
of the DOE allocates only $97 million to the hydrocarbons sector, corresponding to 
2.6 perceni of the 1980 budget; larger funds--$815 million--have been allocated to 
energy conservation in the various sectors of hydrocarbons utilization. 


In line with this, we will confine ourselves co indicating--within the various 
phases of the petroleum cycle--the research topics which entail a particular risk 


and financial commitment. 


The positive development of this research effort can yield benefits for the national 
energy system in terms of either an increase in available national resources OF 
easier access to the resources of the producing countries or better utilization of 
imported resources; furthermore, in some cases, the possible perfection of tech- 
nologies could produce a fallout of an industrial character, opening up new export 
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opportunities. The research efforts proposed in some cases inviolve the development 
of activities already undertaken within the scope of research programs in the pe- 
troleum industry. 

They are divided into four topics: 

Production of hydrocarbons (T.CH.1), 

Assisted recovery (T.CH.2), 

Hydrocarbons transportation (T.CH.3), 

Refining (T.CH.4). 

There are other topics which involve hydrocarbons, especially regarding their utili- 
zation (coal-oil, methanol, long cut [section], heavy gas-oil, etc.). These topics 
are not proposed in this chapter since they are presented later in other chapters. 
2.4.2. Research Topics Proposed 


T.CH.1. Production of Hydrocarbons 


St. 1--Study of problems connected with drilling at great depths in the presence of 
high pressure and temperature (corrosion, well-head, completion, efc-) (A). 


St. 2--Study on fracturation, hydraulics, orientation of fracture, and acids delayed 
to stimulate the production of little-permeable rocks (A). 


St. 3--Feasibility studies on off-shore production systems, in relation to the depth 
of the ocean bottom, the geographic and meteooceanographic situation, and making off- 
shore components not available on the market (A). 


St. 4--Acquisition of techniques for installation and operation of an underwater 
storage system at a depth of 1,000 m and more (A). 


St. 5--Study and planning of systems for exploitation of marginal off-shore deposits 


(A). 


St. 6--Use of synthetic fibers with mechanical characteristics similar to those of 
steel in the off-shore petroleum industry (A). 


St. 7--Feasibility studies on gasification of coke with a high sulfur content ob- 
tained from coking heavy crude (A). 


St. 8--Study of advanced geophysical and seismic prospecting techniques alsc with 
field tests (A). 


St. 9--Feasibility of study of an advanced prospecting method (A). 


St. 10--Study of prospects and processes for the utilization of bituminous shale 
and sand (A). 
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T.CH.2--Assisted Recovery 


St. 1--Identification of processes for generation of activated tension in deposits 
through interaction between petroleum and injected substances (A). 


St. 2--Study of process designed to assist in the production of petroleum, for ex- 
ample, reduction of viscosity of crude in deposit through microbiological inspec- 
tion [injection?] (B--A). 


St. 3--Identification of substances suitable in promoting assisted recovery, for 
example, low-cost production of activated tension agents and polymers (A). 


T.CH.3. Hydrocarbon Transportation 

St. 1--Development of techniques for the construction and launching of underwater 
pipelines by means of ships provided with "rocket-equipped pipe-laying mechanisms" 
(A). 


St. 2--Development of a device for underwater digging by means of extremely high- 
pressure jets for the purpose of burying underwater pipelines (A). 


St. 3--Study and construction of new system for mechanical connection which will 
permit simple repair of underwater pipelines (A). 


St. 4--Study and construction of an automatic repair station, remote-controlled and 
coordinated by computer, for repairs on underwater pipelines (A). 


St. 5--Perfection of a national operational system for the removal of accidental 
contamination due to hydrocarbons in the Mediterranean area (A). 


St. 6--Study of laying pipes in very deep water. 


St. 6/1--Feasibility study on system for laying pipes in very deep water according 
to the "J' method (A). 


St. 6/2--Planning and construction of a means for laying and testing [pipes] (A). 


St. /--Planning and construction of a turbine derived from the aviation industry 
for use at compression stations for gas pipelines (A). 


T.CH.4. Refining 

St. 1--Feasibility study on possibilities of using coal in refinery (A). 

2.5. Expenditure Estimates 

Table CH compiles the research undertakings proposed under the heading of "hydro- 


carbons" and gives estimated expenditures for each of them (for a total of 121 
billion lire). 


This expenditure volume involves innovative research topics characterized by heavy 
risks and by a considerable technological commitment whose development can derive 
impetus from time incentives. 


Regarding on the other hand the traditional topics, on which the petroleum industry 
has been pursuing various research activities for quite some time, no financial 
commitment is proposed under the PNRE. 


2.6. Responsibility 


Responsibility for the implementation of research topics in the industrial sector 
should primarily rest on the ENI and its establishments along with the intervention 
of other, both public and private operators, in some particular research efforts. 


Table CH. Compilation of Research Topics Proposed in the "Hydrocarbons" Sector 
(CH) and Pertinent Expenditure Estimates (Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 
T.CH.1 Hydrocarbons production 13.7 
ST.1-CH.1 Drilling at great depth A 
ST.2-CH.1 Hydraulic fracturation A 
ST. 3-CH.1 Off-shore production A 
ST.4-CH. 1 Underwater storage A 
ST.5-CH.1 Exploitation of marginal off-shore 
deposits A 
ST.6-CH.1 Use of synthetic fibers in off-shore 
activities A 
ST. 7-CH.1 Gasification, coke from heavy crude A 
ST.8-CH.1 Advanced geophysical and seismic 
prospecting A 
ST.9-CH. 1 Advanced Prospecting A 
ST. LO-CH.1 Bituminous shale and sand A 
T.CH.2 Assisted Recovery 3.5 
ST.1-CH.2 Generation of activated tension in deposits A 
ST.2-CH.2 Assisted recovery methods B--A 
ST. 3-CH.2 Low-cost production of activated tension 
agents and polymers A 
T.CH.3 Hydrocarbons Transport 101.4 
ST.1-CH. 3 Underwater pipelines A 
ST.2-CH.3 Underwater digging A 
ST.3-CH. 3 Mechanical linking of underwater pipeline A 
ST.4-CH.3 Automatic repair station A 
ST.5-CH. 3 Elimination of accidental contamination A 
ST.6-CH. 3 Pipe-laying in deep waters 
ST.6/1-CH.3 Pipe-laying with J method A 
ST.6/2-CH.3 Planning and construction of pipe-laying 
equipment A 
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[Continued from preceding page] 


Code Topics and Subtopics Type of Expenditure 
Research 

ST. 7-CH.3 High-yield turbine for gas pipeline A 

T.CH.4 Refining 2.4 

ST.1-CH.4 Use of coal in refinery A 


Grand Total : 121 
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Fossil [Mineral] Fuels. Key: 1--Coal (77.3%); 2--Hydrocarbons (22.7%). 
Nuclear Energy Program Activities Described 


Rome RASSEGNA PETROLIFERA in Italian 5 June 81 pp 471-481 


[Text] In this issue we continue our presentation of the PNRE. 
We present Part II concerning nuclear energy and first four 
chapters of Part III covering the other energy sources (solar, 
biomass, waste, and wind). 


Part II. Nuclear Energy 
Chapter 1. Nuclear Energy from Fission (EN) 


1.1. Premise 


The nuclear energy sector presents some special features which are particularly 
relevant for the definition of a national energy research program. 


It must be kept in mind that overall responsibility for research, development, 
demonstration, and industrial promotion activities is assigned to the CNEN which 
works in close collaboration with the various research and industry operators. 


The CNEN programs therefore have significance in terms of overall action in the 
sector because, on the basis of the pertinent funding, both public and private 
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industrial establishments are also working, in addition to the CNEN. Another 
feature of development activities in the nuclear field is the technological dimen- 
Sion and the cost of the individual project (this figure in particular comes up in 
the case of construction of prototype reactors) which spring both from the date of 
maturity of the sector and from the intrinsic requirements for orienting research 
toward the dimensions of the power plant since it is almost never possible to 
resort to the particularly simple simulation of processes for the use of modularity 
logic. 


The developments of operational capacities through actions conducted in industry 
itself is aimed at a close, if not immediate market and must therefore be directed 
toward the construction of prototypes as one of the most effective instruments in 
achieving industrial promotion. 


One must also consider thet, in the Italian situation which features such severe 
contrasts, the role of the intelligent vicariate of the real market sector-- 
involving the functions of research, development, and industrial promotion--makes 
sense only for a definite period of time and with a view to projects which will 
shortly become productive. 


It is on the basis of these considerations that the PEN inserted the various activity 
lines provided for under the 1980-1984 5-year plan of the CNEN, approved by the CIPE 
[Interministerial Committee for Economic Planning] on 29 April 1980, into the cor- 
responding program areas, that is, proven reactors, fast [breeder] reactors, and 

fuel cycles. This choice was expressed by the inclusion of thepertinent expendi- 
tures within the scope of the overall funding allocated by the PEN to the nuclear 
sector. The figures given here should therefore be considered exclusively in the 
nature of a reminder, for the purpose of illustrating the financial dimensions of 

the activities listed, and will not be included in the total necessary to carry out 
the PNRE. 


1.2. State of the Art 
1.2.1. Principal Operators 


It is important to underscore the fact that the roles of the various operators in 
the sector (ENEL, ENI, CNEN, Finmeccanica [Mechanical Engineering Finance Corpora- 
tion], FIAT, and other public and private components of the component-making 
industries) have now been sufficiently clarified. The line of agreements on the 
industrial level, initiated within the project systems, will progressively extend 
to the component-making sector. This clarification also facilitates the definition 
of research and development activities by almost reducing duplication of effort 
there. 


1.2.2. Activities in Progress 


The activities in progress in the CNEN are oriented toward the classical program 
areas, that is, industrial promotion and further developments of light-water reactor 
safety analysis; construction of the Cirene reactor; technical-economic systems 
safety evaulation and technologica. dlevelopment of components for fast reactors; 
construction of the PEC [fuel element testing] reactor; fuel cycle; environmental 
and human health. 


37 














It is necessary once again to call attention to the fact that the progress status 

of the most important projects and their degree of interdependence with the current 
industrial activities (this is true of Cirene and PEC) progressively involves a major 
degree of rigidity in some basic choices. 


This rigidity moreover guarantees a certain continuity for the projects through the 
attainment of specific and useful results. 


(a) Regarding industrial promotion and white-water reactor safety analyses, the main 
action lines are being pursued in collaboration with the ENEL regarding some of the 
specific aspects, with the system industries of the Ansaldo Group (AMN [Ansaldo 
Nuclear Machinery], Sigen-Sopren) and the component industries (such as FIAT, 
Ansaldo, Belleli, Nuovo Pignone, Nuclear AGIP, and others). 


(b) In building the Cirene reactor, the client function is performed jointly by the 
CNEN and ENEL which takes care of 25 percent of the expenditures. The actual job 
is entrusted to NIRA [Italian Nuclear Company for Fast Reactors] (of the Ansaldo 
Group) which acts as main contractor while manufacturing activities are performed 
by Ansaldo, Elleli, etc. 


(c) For the technical-economic and systems safety evaulations and for the techno- 
logical development of components for fast reactors as well as for the construc- 
tion of the PEC reactor, activities are being carried out with NIRA (which acts as 
leader of the Italian component makers who have supplied components for Superphenix- 
1) and with the principal component makers (Belleli, Ansaldo, FIAT, CMI, Tosi, Nuovo 
Pignone, Nuclear AGIP). 


(d) In the area of the fuel cycle, where the CNEN works in cooperation with Nuclear 
AGIP Company, of the ENI Group, which is responsible for domestic fuel operations, 
activities involve both the phases up-line from the reactor and those after ir- 
radiation. 


The activities are carried out not only in cooperation with Nuclear AGIP but also 
through the contribution from specialized engineering and component groups (such as 
the Nuovo Pignone Company and others). 


1.3. International Trends 


We know that all the other principal industrialized countries have for some time 
already been pursuing initiatives which during the eighties will lead to a note- 
worthy contribution from nuclear energy to meeting energy needs. It suffices to 
report that, in 1985, the electric energy share produced by nuclear methods will 
be 56 percent in France, 41 percent in Sweden, 35 percent in Spain, 30 percent in 
Switzerland, and around 20 percent in Japan, the United Kingdom, and the United 
States. The corresponding value planned for Italy by that same date is only 4 
percent. The entire Italian commitment therefore must be compared to the com 
mitment being made by the other countries to the nuclear sector at the moment of 
the corresponding development stage. Italy is in a rather delicate phase now 
which must necessarily lead up to a period of growth in this sector if we do not 
automatically want to drop out. 
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Th international cooperation trends are sufficiently clear right now. In the 
proven light-water reactor sector, the current licensing scheme will evoive toward 

a system of technological development agreements (the licensor and several licensees 
will cooperate on standardization and the improvement of the output) in a commercial 
context featuring the strong defense of domestic industry on the domestic market, 
with competition among individual enterprises or more probably among groups on the 
market of the nonproducing countries. In the fast reactor sector, leadership is 
currently held by the French (in cooperation with the Italians and the Germans) 

and this will be confirmed for a certain period of time pending decisions and sub- 
sequent actions by the United States, since the main technological competitors 
(Japan and the Soviet Union) will not really be such on the commercial level. In 
the fuel cycle sector, above all down-line from the reactor subject to greater 
dynamics, there is perhaps a fluidity which springs from the possible equilibrium 
between the various components: the strategic significance of reprocessing, the 
problem of nonproliferation, the effects of scale on the cost of plants, a general 
trend toward technological cooperation, activities involving conditioning and 

above all the systematic handling of radioactive waste. 


1.4. RS & D Development Lines 
1.4.1. Choice Criteria 


Regading the choice criteria, activities essentially pursued the same objectives as 
those contained in the program areas mentioned under point 1.2.2. 


Nevertheless, in the course of 1979 and 1980, there were some nodifications made in 
the sector programs consisting not only of a change in the general program direc- 
tions but also rather to a greater extent in the change of emphasis among them 

(for example, in the context of activities concerning reactors there was heavy 
emphasis on light-water reactors and in particular there has also been further 
stress on activities dealing with environmental protection and human health); here 
we might further mention the reduction in the dispersion of routes pursued within 
each area (for example, regarding the fuel cycle, efforts were concentrated on some 
specific technologies); here we also come to more effective coordination among 
actions conducted directly by the CNEN within its own establishment and activities 
carried out in cooperation between the CNEN and industry, within industry itself, 
in a more precise expression of basic technological research activities (here we 
might mention the initiatives aimed at making available to the country those scien- 
tific services which already exist in the laboratories of the CNEN and those that 
might be developed as part of a logical concentration on higher-grade technological 
lines). 


Concerning the individual projects or routes, we might recall some substantial 
aspects here: 


(a) Industrial promotion and further development of light-water reactor safety. 


The basic assumption adopted here is that, in the context of diversified recourse 
to all of the possibilities other than petroleum, the nuclear source will he used 
through the start of construction on two units of 1,000 MTU, each year. This 
rhythm takes into account the construction capacities of the Italian industrial 
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system (this potential is perhaps a surplus one but must be compared to the overall 
operational nature of the system involved which, obviously in addition to the ENEL, 
includes various government agencies, especially concerning authorization and the 
necessary infrastructure facilities). 


(b) Construction of Cirene reactor (support research). 


The significance of the Cirene reactor must be evaluated in the light of its contri- 
bution to strenghtening the operational capacity of Italian industry and sustaining 
the possibility of existing on foreign markets, in other words, domestic industry, 
the electric power agency, and the research agency have made it possible for the 
Cirene reactor to be in a position to achieve a significant success especially for 
the foreign market. 


(c) Technical-economic and systems safety evaluations and technological development 
of components for fast reactors. 


Recourse to fast reactors in Italy is a long-term prospect. But we must nevertheless 
keep in mind both the strategic significance of this energy option, which is being 
pursued almost by all of the technologically advanced countries, and the position 
earned in the international context by Italian industry through participation in 

the construction of Superphenix-1l. The upgrading previously obtained from Italian 
industry through activities with the PEC and more generally the entire fast reactor 
program enabled it to enter this high-grade industrial sector and to acquire new 

and precious experience. 


The activities under the CNEN plan in this sector tend to involve technical-economic 
and system-safety evaluations as well as to develop the most significant component 
technologies. A twin purpose is being pursued here: on the one hand, to permit a 
similar participation by Italian industry in the next construction effort in France 
involving Superphenix-2 (and more generally, construction projects abroad) and, 

on the other hand, to acquire the direct and complete information elements necessary 
for a meaningful decision on the construction of fast [breeder] reactors in Italy, 
when we are ready for that. 


(d) Construction of PEC reactor (supporting research). 


In the context of its outlined development of Italian research on technology needed 
in fast reactors, we might mention the construction of the PEC reactor as a specific 
demonstration of the capacities of the entire system involving CNEN, industry, 

the electric industry operations, and the control organ in terms of autonomously 
putting together (with marginal foreign support), a system working with fast neutrons. 
To this significant point regarding the PEC we must add the fact that it is an in- 
formation and knowledge supplying instrument concerning the performance of plants 

of this type and their most important components, particularly, the fuel element 
which determines the economical operation of fast reactors. In the international 
context it is also vital to have available, during the second half of the eighties, 
an instrument such as the PEC since by that time we can no longer expect the Rap- 
sodie reactor, which currently is used as an instrument for testing fuel elements, 
to be operational. 
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The mechanical completion of the plant is scheduled for 1985 while an additional 


period of 2 years will be necessary for the perfection of the PEC as a research 
tool. 


(e) Fuel cycle. 


For the phases up-line from the reactor, a relative reduction of the effort con- 
cerning uranium enrichment, through conventional technologies, is planned since 
current available enriched uranium quantities make it possible to meet the antici- 
pated requirements up to 1995, on the basis of the above-indicated assumptions; 

on the other hand, research activities pertaining to new technologies (enrichment 
via laser) will be stimulated. 


For the phase down-line from the reactor (irradiation), it is indispensable to step 
up current activities quite considerably. The plan proposes to formulate--concerning 
reprocessing-~a general project for an industrial plant; this will mean, for the 
first 5-year period, the acquisition of specific experience in actual operations 
through the pilot plants of the CNEN, particularly Eurex for demonstration runs 

on fuels for the thermal reactors and ITREC [fuel reprocessing and remanufacturing 
plant] for tests on components of specific importance to the fuel coming from fast 
[breeder] reactors. Regarding the final phase of the cycle, it has heen planned to 
build plants for the conditioning and disposal of radioactive waste, to be set up 
near the pilot plants, as well as experiments pertaining to the future industrial 
plant. Parallel to this, activities are being pursued relative to the geological 
and environmental characterization of sites for the definite placement of waste 
thus conditioned. 


(f) Environmental protection and human health. 


There is an ever-growing demand in the country for an overall capacity of the system 
designed to assure environmental protection and human health in che context of in- 
dustrial activities. The CNEN has stepped up its own research efforts in this 

area also in view of the circumstances that protection, environmental, and safety 
methodologies developed by the agency, on the basis of institutional tasks, have and 
will in the future even more so have significant applications also outside the 
nuclear sector. 


(g) Safety objective. 


We did not think it advisable separately to explain here the research actiyities 
pertaining to safrty as a program area by itself. This decision does not conflict 
with the great im,ortance attached to that objective quite obviously but rather 
evidences the priority assigned to it as a reference parameter for all of the indi- 
vidual above-mentioned program areas. As a matter of fact, apart from the actions 
already indicated and aimed directly at environmental protection and at the pro- 
tection of human health as well as those dealing with the function of autherization, 
control, and surveillance over nuclear safety and health protection (not expressly 
mentioned here because they cannot be classified as research and deyelopment 
activities), a good share of activities involving LWR, those aimed at the processing 
and disposal of radioactive dross, as well as many actions involving fast reactor 
technologies (particularly the construction and operation of the PEC reactor which 
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will provide decisive experimental knowledge for fast reactor safety, with the 
emphasis on the fuel element) are aimed at the development of safety and protection 
conditions, systems, and technologies. 


(h) National scientific services 

Another program objective which cuts across the various above-indicated areas in- 
volves the effort to give the country the necessary scientific services under the 
CNEN as fallout from the effort devoted to the nuclear sector. One of the factors 
slowing down the country's technological development has been excessive sector 
development with duplication of effort, insufficiency, and waste in management; 

we must absolutely do away with the old logic, based on the self-sufficiency of 
each sector, which tends to isolate a large part of the production compartments of 
small and medium industry from high-technology services. 

Making scientific services available for users outside the agency, also in sectors 
different from the energy sector, appears to be a contribution to the solution of 
these problems, such as, for example, materials technology, laser technology, and 
ionizing radiation metrology. 

In the specific context of the national scientific services but more in general for 
all of the various activity lines, we must be more systematic in pursuing the ef- 
fort of upgrading and utilizing the research capacities also present in structures 
different from those which traditionally operate in cooperation with the CNEN. 
This applies particularly to research activities working in the universities and 


research organizations which are not specializing in the nuclear field or which 
so far are not present in the nuclear field. 


1.4.2. Research Topics Proposed 
T.EN.1--Industrial promotion and further development of LWR safety. 
St. 1--Central Planning, 

St. 1/l--Development of operating knowledge, 

St. 1/2--Project standardization, 

St. 1/3--Nuclear island; 

St. 1/4--Development of knowledge for licensing. 
St. 2--Component production: 

St. 2/l--Primary components and "internals," 

St. 2/2--Fuel charges, 

St. 2/3--Heat exchangers, 


St. 2/4--Instrumentation, 


42 








St. 2/5--Other components and minor components. 
T.EN.2--Construction of Cirene (supporting research). 


T.EN. 3--Technical-economic and systems safety evaluations and technical development 
of components for fast reactors. 


St. 1--System development; 
St. 2--System and components interface; 


St. 3--Technical and technical-economic evaluations pertaining to components to 
assume guarantee for the system in dealing with the client; 


St. 4--Components for construction project aspects; 
St. 4/1--Construction project, 

St. 4/2--Development of workshop design; 

St. 5--Nucleus planning; 


St. 6--Development of manufacturing methods (including compatibilization between 
construction projects and manufacturing processes) ; 


St. 7--Development of nucleus elements, both fuel and non-fuel. 
T.EN.4--Construction of PEC reactor (supporting research) ; 
T.EN.5--Fuel cycle. 

T.EN.6--Environmental and human health protection. 


St. l--Construction of infrastructure facilities and operational capacities for 
prevention and control of environmental contamination; 


St. 1/1--Study and verification of environmental contamination from nuclear energy; 
St. 1/2--Research of distribution and circulation of stable and radioactive tracer 
elements in the atmosphere, in the hydrosphere, and in the food chain, and geo- 


chemical characterization of natural fluids; 


St. 1/3--Determination of dose deriving from radioactive contamination of en- 
vironment and food chain; 


St. 1/4--Research on method of transfer of contamination in the environment; 
St. 1/5--Characterization and classification of typical marine coastal ecosystems. 


St. 2--Construction and operation of a national service for the processing, con- 
finement, and disposal of medium and low radioactivity waste. 
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St. 3--Study of biological effects of radiation, of methods, and instruments of 
radiation protection, including management and development of infrastructure 
facilities involving the metrological and dosimetric service. 

St. 3/1--Metrology of ionizing radiation; 


St. 3/2--Dosimetric research and services; 


St. 3/3--Biological and pathological effects and evaluation of risk connected 
with small doses of radiation; 


St. 3/4--Research on action mechanisms of radiation and biomedical applications; 


St. 3/5--Metabolism and toxicology of radionuclides and conventional contamination 
agents. 
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Table EN. Compilation of Research Topics Proposed in "Nuclear Energy from Fission" 
Sector (EN) and Pertinent Expenditure Estimates (in Billions of Lire) 


Code Topics and Subtopics Expenditures 
T.EN.1 Industrial promotion and further development of LWR 

safety 92.8 
ST.1-EN.1 Central planning 


ST.1/1-EN.1 Development of operating knowledge 
ST.1/2-EN.1 Project standardization 

ST.1/3-EN.1 Nuclear island 

ST.1/4-EN Development of knowledge for licensing 
ST.2-EN.1 Component production 

ST.2/1-EN.1 Primary component and "internals" 
ST.2/2-EN.1 Fuel charges 

ST.2/3-EN.1 Heat exchangers 

ST.2/4-EN.1 Instrumentation 

ST.2/5-EN.1 Other: components and minor components 


T.EN.2 Construction of Cirene reactor 
Supporting research 45.3 
T.EN.3 Technical-economic and systems safety evaluations 


and technological development of components for 
fast reactors 


ST.1-EN.3 System development 
ST.2-EN.3 System-component interface 
ST.3-EN.3 Technical and technical-economic evaluations pertaining 


to components for assumption of guarantee for system 
in dealing with client 
ST .4-EN. 3 Components for construction project aspects 
ST.4/1-EN.3 Construction projects 
ST.4/2-EN.3 Development of workshop designs 
ST .5-EN. 3 Nucleus Planning 


ST .6-EN. 3 Manufacturing method developments 

ST.7-EN. 3 Development of nucleus elements, fuel and non-fuel 

T.EN.4 Construction of PEC reactor, supporting research 

T.EN.5 Fuel cycle 

T.EN.6 Environmental and human health protection 

ST. 1-EN.6 Infrastructure facilities and operational capacities 
for prevention and control of environmental con- 
tamination 


ST.1/1-EN.6 Study and verification of environmental contamina- 
tion from nuclear energy 

ST.1/2-EN.6 Distribution and circulation of stable [established] 
and radioactive tracer elements 

ST.1/3-EN.6 Determination of dose deriving from radiation con- 
tamination of environment and food chains 

ST.1/4-EN.6 Method of transferring contamination in environment 

ST.1/5-EN.6 Characterization and classification of typical 
marine coastal ecosystems 

ST.2-EN.6 Construction and operation of a national service 
for the processing, confinement, and disposal of 
medium and low radioactivity waste 
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[Continued from preceding page] 
Code Topics and Subtopics Expenditures 


ST .3-EN.6 Biological effects of radiation, radiation 
protection instruments, metrological and 
dosimetric service infrastructures 

ST.3/1-EN.6 Metrology of ionizing radiation 

ST.3/2-EN.6 Research and dosimetric services 

ST.3/3-EN.6 Biological and pathological effects 

ST.3/4-EN.6 Action mechanisms of radiation and biomedical 
applications 

ST.3/5-EN.6 Metabolism and toxicology of radionuclides and 
conventional contamination agents 

ST.3/6-EN.6 Management, national laboratory animal center 
(Zooculture) 

ST .4-EN.6 Study and characterization of environmental 
parameters influencing the placement and 
planning of nuclear plants 

ST.4/1-EN.6 Seismotectonics and [illegible in photostat] 
geological evaluations 

ST.4/2-EN.6 Behavior of terrain and other environmental 
parameters 

S1.EN National scientific services 27.1 

Grand Total 500 


St. 3/6--Management of national laboratory animal center and infrastructure faci- 
lities for production of animals for research and zooculture; 


St. 4--Study and characterization of environmental parameters influencing the 
placement and planning of nuclear plants, 


St. 4/l--Research on sismotectonics and subsequent site studies and project 
evaluations, 


St. 4/2--Reseerch on behavior of ground and other environmental parameters influ- 
encing the construction of plants; 


S1--EN--National scientific services. 

1.5. Expenditure Estimates 

Table EN shows the estimated expenditure items (500 billion lire) for the 1980- 
1984 CNEN five-year plan for each of the above-indicated program areas; these 
amounts can be considered to be a reasonable estimate also for the period 1981- 
1985 if they are expressed in 1980 lire. 

We want to call attention to what we stated under the heading of "premise," re- 


lative to the fact that these funds have already been explicitly provided for 
in the PEN and therefore are shown here only for information and as a reminder. 
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Part III. Other Energy Sources 


Chapter 1. Solar Energy (Es) 
1.1. Premise 


In this chapter we will cover research activities considered useful for the direct 
utilization of solar energy aimed at conversion into thermal energy at various 
temperatures, into electrical energy (or mechanical energy), and finally into re- 
frigeration. 


This coverage takes into account the role already assigned to this energy source 
under the PEN and the level of scientific and technological development achieved 
in Italy and generally in the other industrialized countries. 


Special traditionally "solar" problem complexes which however have a broader 
significance are more correctly placed in other parts of this section of the PNRE. 
This is true for example of "passive architecture," which has been placed in the 
chapter entitled "Technology of Final Uses," in Part IV. "Final Uses of Energy 
and Energy Carriers." 

1.2. State of the Art 

1.2.1. Principal Operators 


The principal research operators in the solar field and in related activity sectors 
are as follows: 


CNR--All sectors, 

CNEN--Photovoltaic, passive, active components, 

ENEL--Production of electric energy through thermal and photovoltaic means, 
ENI--All sectors, 

IRI--All sectors, ’ 

Private Industry--Flat panels and concentration panels, refrigeration. 

1.2.2. Activities in Progress 

The major effort in recent years has been made in the RS & D field operating with 
total public support, that is above all through the PFE of the CNR with financing 
which has been increased during the 1976-1980 5-year term te reach the current 
level of about 4 billion lire per year. The industrial initiatives are also 
beginning to become important above all regarding participation in the construc- 


tion of demonstration plants completely or partly financed by international 
agencies. 
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Moving on now to a more detailed examination of the state of the art in the field 
of solar energy, we will be working on various levels on the road toward indus- 
trialization, depending upon the sector. 


(a) Production of low-temperature heat. This is a sector in which we are now close 
to a competitive capability, at least regarding the production of hot water for 
hygienic and sanitary uses. We now have several industria] operators involved 
here and the market (with the help of the incentives proposed by DDL [draft bill] 
655) seems to be capable of starting a real industrial effort although many, by 
no means easy problems of industrial organization and market organization remain 
yet to be tackled. RS & D in the sector involved materials and above their re- 
sistance over a period of time, methods to improve the efficiency of collectors 
(selective surfaces), utilization of low-temperature solar energy in various and 
complex systems (combined utilization of heat pumps; special civilian uses; in- 
clusion of collectors in housing construction; heating and environmental air 
conditioning; etc.). 


(b) Production of medium-temperature thermal energy with distributed concentrators. 
Here we have a separate industrial activity (particularly at Ansaldo and FIAT) 
where the prospects point to the coming start of activities in a market partly 
backed up with incentives; RS & D above all involves concentrator technologies 

and, in the second place, systems studies. 


(c) Generation of electric energy through thermodynamic conversion. Domestic 
industry is involved in important international undertakings (Adrano, Almeria) 

in addition to commercial initiatives (which may be limited in number, of course); 
the short-term prospects in this sector are based primarily on demonstration plants 
to be built with international cooperation and funding. RS & D involves helio- 
stats, receivers, main motors, and systems. 


(d) Generation of electric energy through photovoltaic conversion. Here we have 
some national initiatives (both under the PPS [State Participations] and in the 
private sector) in the field of manufacturing and systems; an enterprise with 
private capital was recently established and its purpose is to produce solar sili- 
con with a completely innovative process, with prospects of sales in medium-range 
terms. The demand here is partly the result of incentives and we have a possibili- 
ty here for an industrial takeoff in this sector; this take off can take place 
also in line with the dimensions of the relatively limited demand deriving from 
the modular nature of the manufacturing plants. One as yet unresolved issue, which 
entails the risk of stifling induc**ial initiative, consists of the availability 
of semifinished products (solar silicon) which, under the current market situation, 
may be very scarce in 1985. The ENEL-CNEN undertaking is of major significance; 

it comes within the context of the bilateral agreement between Italy and the 

United States, consisting of the construction, within 4 years, of an 1-Mw photo- 
voltaic plant located in Puglia; to this we can add various other initiatives 
partly financed by international organizations, for a total output capacity of 

1 Mw. RS & D here involves advanced materials, innovative processes for silicon, 
systems, and solar radiation collection technologies. In this sector we can ob- 
serve a certain imbalance between advanced research (whose products will be sale- 
able after 1990) and industrial development in the sense that the latter is de- 
ficient with respect to the former and also with respect to the situation on the 
potential market in the immediate future. 
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In this field we must note the activities of some CNR laboratories which have been 
working for many years and which have international prestige, although in conjunc- 
tion with industrial undertakings in this sector. 


More recently but perhaps decisive in bringing about the tie-in between advanced 
research and industrial development, we have the commitment of the CNEN as part 
of its industrial promotion function also in the sector of renewable sources and 
the recent commitment and programs of the ENI in the photovoltaic sector. 


(e) Refrigeration. There is little industrial activity in this sector; the RS & D 
activities are also relatively modest and Concentrated above all on the study 
of absorption cycles under the PFE of the CNR. 


Compared to the international situation, we observe that what happened in the solar 
energy field can also be repeated in other fields; the RS & D activities in the 
most advanced industrialized countries (above all the European countries) are 
strongly goal-oriented and closely tied to the production efforts as such and 

to entrepreneurial initiatives although this is not necessarily expressed in the 
subordination of the former to the latter. While the domestic situation need not 
look with envy upon the international situation among individual RS & D topics, 

of course in the proper proportion, the general picture is quite different and 

more disharmonious. Between RS & D and the entrepreneurial initiatives, there are 
often very few connections and we can observe a strong presence on the research 
level which is not paralleled by adequate industrial development and viceversa, 

in some sectors, where promising industrial initiatives are not sufficiently backed- 
up by research and development activities. 


1.3. International Trends 


Looking at the largest industrialized countries in Central and Northern Europe 
(France, Great Britain, the FRG), we observe that only the utilization of low- 
temperature solar energy (mostly for hygienic and sanitary uses) is included in 
the prospects of medium-term energy policy (1990). In spite of that, at least 
regarding France and Germany, a noteworthy commitment is underway toward indus- 
trial development which has broad public financing support also in the field of 
photovoltaic conversion, on the triple front of basic materials, manufacturing, 
and systems engineering. The objective is to be present in a massive fashion on 
the export market, above all going to the less developed countries, a market whose 
potential in the opinion of some people may come to as much as 100 Mwp per year 
from 1985 on, to meet the anticipated supply conditions. 


In the thermodynamic conversion sector, initiatives are limited to a few demon- 
stration projects of major dimensions and technological content, to be carried 
out with international cooperation, in view of the high technical and financial 
risks. 


In the United States on the other hand we can observe a vast number of undertakings 
both on the business and industry level and on the RS & D level; here we must re- 
call a reorientation of the photovoltaic conversion program which took place 

during 1979, following an analysis by a study group of the American Physical 
Society whicii led to a reduction in funding for demonstration projects in favor of 
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a major research and development effort above all in the field of materials with 
high conversion efficiency. 


1.4. RS & D Development Lines 
1.4.1. Choice Criteria 


The future RS & D commitment in the field of solar energy must on a priority basis 
be aimed at achieving a more harmonious equilibrium between entrepreneurial 
initiatives and RS & D activities; this is an objective which is imposed both 

by the needs for achieving appreciable results in terms of energy policy in short- 
range and medium-range aspects (above all in the sector of low and medium-tempera- 
ture heat production) and by the suitability of activating industrial initiatives 
based on technologies with a high manufacturing content and systems engineering 
aspects for which there is a promising export market. This implies that the public 
agencies responsible for public funding efforts in the solar field must accept the 
task of launching an industrial promotion policy in terms of both financial and 
real incentives on the demand side, coherent with the objective of better working 
out the RS & D activities for production purposes, both inside and outside the 
enterprises. In particular, public support for development and demonstration 
activities must no longer, as happened in recent years, be used in order completely 
to cover all expenditures; instead, it must increasingly be limited to an only 
partial coverage so as to seek the commitment of enterprises through their finan- 
cial participation in spelling out programs that will be congruent with the suc- 
cessive entrepreneurial initiatives and with the potential of the market. 


From the viewpoint of content, it is believed that the priority directions of 
RS & D must be as follows: 


Production of low-temperature and medium-temperature heat (T.ES.1) with a pre- 
vailing development and demonstration commitments and with basic and applied 
research activities confined to materials to be newly utilized in the sector as 
well as the study of integrated systems; we also need research on panels following 
two subobjectives: 


Panels for the production of hot water at low cost and with simple installation; 
High-yield panels for heating and air conditioning. 


The generation of electric energy through thermodynamic conversion (T.ES.2) in 
this case likewise with a predominant development and demonstration commitment 

to be obtained preferably in the area of international cooperation in progress 
now; research activities above all in the sector of materials, receivers, and main 
motors; 


Generation of electric energy through photovoltaic conversion (T.ES.3) with RS & D 
activities in the sectors of materials, semifinished products, components, and 
systems, with priority for low-cost and medium-yield materials and materials at 
high cost and with high yields; 
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Refrigeration using solar energy (T.ES.4) with research and development activities 
for the absorption cycles, the innovative cycles, and refrigeration systems using 





irradiation. 


l. 


.2. Research Topics Proposed 


T.ES.1--Generation of low-temperature and medium-temperature heat. 


St. 


St. 


St. 


St. 


St. 


St. 


St. 


St. 


St. 


St. 


St. 


l--Low-temperature and medium-temperature flat panels; 
1/1--With high yield, selective strata, and medium cost (S), 
1/2--At low cost and low temperature (D), 
1/3--Medium-temperature (S--D), 

1/4--Integration in housing construction (S), 
1/5--Reliability in housing construction (A). 
2--Concentrators ; 

2/1--Linear (D), 

2/2--Point-shaped (S--D), 


2/3--Optimum configuration (A); 


. 3--Uses in industry (D), 


. 4--Integrated low-temperature systems (for example, with heat pump) (D), 


5--New materisl (A--S). 


T.ES.2--Generation of electric energy through thermodynamic conversion. 


St. 
St. 
St. 
St. 
St. 
St. 


T.ES.3--Production and utilization of electrical energy through photovoltaic 


l--Materials (for example, glass with a low iron content) (B-~A); 
2--Receivers (S); 

3--Main motors (A--S); 

4--Planning systems and subsystmes (A); 

5--Study of extremely high-temperature thermodynamic systems (B--A); 


6--Participation in international efforts (IEA, EEC, etc.) (D). 


conversion, 
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St. 1l--Development of innovative processes in the production of solar semi-conductor 
material (especially silicon), 


St. 1/l--Innovative material (D--A), 
St. 1/2--Increase in size (A--S), 


St. 1/3--Preparation of semi-finished products (flexible films, tape [ribbon]) 
(A--S) ; 


St. 2--Development of innovative processes in manufacture of cells and panels (A--S); 
St. 3--Development of low-cost and highly reliable conventional components (S); 
St. 4--Planning of utilization systems (A--S); 

St. 5--Small-power demonstration plants (up to 10 kw) (D); 

St. 6--Medium or high-power demonstration plants (D); 

St. 7--Development of technologies using innovative material (A--S); 

St. 8--Photovoltaic systems with concentration (study and planning) (A--S); 

St. 9--Demonstration plant with concentrators (D); 

St. 10--Participation in international efforts (IEA, EEC, etc.) (D). 
T.ES.4--Refrigeration using solar energy. 

St. 1--Absorpcion cycle with low-temperature fluid (A); 

St. 2--Innovative cycles (A); 

St. 3+-Subsystems with innovative and conventional cycles (S). 
T.ES.5--Refrigeration through irradiation. 

St. l--Innovative processes (B--A); 

St. 2--Demonstration plants (D). 

1.5. Spending Estimates 

During the 1981-1985 5-year period, public financing in the solar energy field is 
estimated to come to 85 billion lire (1980), including 60 billion lire for efforts 
with partial public support and 25 billion lire for efforts with complete public 
support. It is believed that public support should be partial, as indicated in 
the preceding point 1.4.1., regarding all development and demonstration undertaking. 


In view of the generally not very advanced state of solar technologies, it is 
estimated that, in efforts with partial public support, on the average, the funding 
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to be taken care of by the federal government comes to 50 percent of the total 
expenditures; this means that the total RS & D investment will amount to 140 

billion lire (1980), including 85 billion lire from public funding and 55 billion 
lire to be taken care of by the enterprises. These figures do not include the 
incentives from the demand side, possible public efforts in the typically industrial 
field, industrial promotion for the sale of products, and financing and support 
efforts by international agencies. 


Table ES shows a breakdown, by sectors, of the funding and the overall investments 
during the 1981-1985 5-year term (in billions of 1980 lire). Concerning the 
climatic data, it is necessary to boost the National Weather Service according 

to the procedures worked out by the PFE of the CNR. In this connection, please 
see Chapter 2, Part IV. 


1.6. Responsibilities and Special Steps 


Action responsibility in RS & D programs is assigned to public research agencies, 
the CNR and the CNEN, as well as the uniyersities. In accordance with the 29 

April 1980 resolution of the CIPE, the CNEN is given primary responsibility for 

all efforts implying industrial promotion activities. The CNR is responsible for 
implementing a finalized research and development program based on total public 
financing in which the institutes and centers of the CNR and the research groups 
under the universities and the enterprises will collaborate. 


Table ES. Compilation of Research Topics in "Solar Energy" Sector (ES) and 
Pertinent Spending Estimates (in Billions of Lire) 


Code Topics and Subtopics Type of Expenditures 
Research 
T.ES.1 Medium and low-temperature heat 
generation 40 
ST.1-ES.1 Flat panels 
ST.1/1-ES.1 High-yield S 
ST.1/2-ES.1 Low-cost and low-temperature D 
ST.1/3-ES.1 Medium-temperature S--D 
ST.1/3-ES.1 Integration in housing construction S 
ST.1/5-ES.1 Reliability in housing construction A 
ST.2-ES.1 Concentrators 
ST.2/1-ES.1 Linear D 
ST.2/2-ES.1 Point-shaped S--D 
ST.2/3-ES.1 Optimization of configurations A 
ST .3-ES.1 Uses in industry D 
ST.4-ES.1 Low-temperature integrated systems D 
ST.5-ES.1 New materials A--S 
T.ES.2 Electric energy generation through 
dynamic conversion 12 
St.1-ES.2 Materials B--A 
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Code Topics and Subtopics Type of Expenditures 
Research 
ST.2-ES.2 Receivers S 
ST.3-ES.2 Main motors A--S 
ST.4-ES.2 System and subsystem planning A 
ST.5-ES.2 Thermodynamic systems B--A 
ST.6-ES.2 International efforts D 
T.ES.3 Electric energy generation through 
photovoltaic conversion 75 
St.1-ES.3 Semiconductor materials production 
ST.1/1-ES.3 Innovative materials B--A 
ST.1/3-ES.3 Increase and size A--S 
ST.1/3-ES.3 Preparation of semifinished products A--S 
ST.2-ES.4 Innovative processes in cell and 
panel manufacture A--S 
ST.3-ES .3 Development of conventional components S 
ST.4-ES.3 Utilization systems A--S | 
ST.5-ES.3 Small-power demonstration plants D 
ST.6-ES.3 Medium and high-power demonstration ! 
plants D 
ST./7-ES.3 Technological utilization of inno- 
vative materials A--S 
ST.8-ES.3 Systems with concentration A--S 
ST.9-ES.3 Demonstration plants with concentrators D 
ST.10-ES.3 International actions D 
T.ES.4 Refrigeration with solar energy 10 
ST.1-ES.4 Absorption cycle A 
ST.2-ES.4 Innovative cycles A 
ST.3-ES.4 Innovative and conventional sub- 
systems Ss 
T.ES.5 Refrigeration through irradiation 3 
ST.1-ES.5 Innovative processes B--A 
ST.2-ES.5 Demonstration plants D 
Grand Total 140 


Chapter 2. Production, Collection, and Conversion of Biomass for Direct and 
Indirect Energy Purposes (EO) 


2.1. Premise 


The term biomass refers to any organic substance of vegetable and/or animal origin 
on the levels of production, residue, byproduct, or waste, regardless of whether 
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it originates from the agricultural and forest sector or from the techuological 
transformation sector dealing with the output of the sector itself or finally, 
the distribution and final consumption sector. 


In this chapter we will take up the aspects pertaining to the production of bio- 
masses aimed at making available a renewable energy source and, specifically, 
with relation to forest cultivation, hydroponic crops, also for the purpose of 
purifying waste waters and, finally, cultivation efforts which by virtue of their 
characteristics of simplicity and energy content look promising for cultivation 
on marginal land. 


By indirect energy purposes we mean those objectives which--although they do not 
contribute to the available energy volume--do make it possible in various ways to 
achieve a reduction in needs and better exploitation resources. 


The biomasses consisting of residues or waste of a vegetable and animal nature 
will be taken up in the following Chapter III. "Energy Utilization of Residues 
and Waste." 


2.2. State of the Art 
2.2.1. Principal Operators 
Interest in this type of research is rather recent in Italy. 


The principal operators are the CNR, the CNEN, the university institutes and some 
public and private industrial groups (ENI, IRI, CTIP [Technical Petroleum Indus- 
try Companies], FIT, Montedison), as well as the experimental institutes of the 
Ministry of Agriculture and Forestry. 


2.2.2. Current Activities 


In view of the recent interest in activities in progress in this sector, acti- 
vities carried out so far have been more of a propedeutic nature (for example, 
the research of the PFE-CNR on the productim ethanol) or of a sector character 
(experimental activities of CNR, CNEN, FIAT, etc.). 


2.3. International Trends 


On the international level there is strong interest in this sector of energy 
research. 


Activities are in progress not only in the developed countries (for example in the 
United States, Brazil, France, Germany, Israel, Holland, and the countries of the 
East) but also in developing countries (Chim, India); the research efforts are 
heavily differentiated to take into account the social-economic and geographic 
situations in the various countries; they are in proportion to the contribution-- 
generally marginal but nevertheless always worthwhile--which the development of 
this sector can provide for the energy independence of each of them. 
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2.4. RS & D Development Lines 

2.4.1. Choice Criteria 

The research efforts proposed were selected on the basis of the following criteria: 
Congruence with the national social-economic and geographic reality; 


Possibility of soon acquiring the kind of knowledge that will permit measures 
capable of causing fallout on the operational level; 


Minimizing the modifications in existing systems required for the implementation 
of the measures to be undertaken. 


2.4.2. Proposed Research Measures 
T.EO.1. Rationalization of forest cultivation and tree-cutting. 


St. 1--Genetic improvement of forest crops (B--A); 

St. 2--Efficient use of existing forests (A); 

St. 3--Identification of new forestation areas and establishment of new forests (A); 
St. 4--Methods of treatment, including mechanized methods, for forestry systems 

and their effects on the forest ecosystem (A--S); 

St. 5--Lumber industry methodology and methods for transformation of products as 
well as pertinent equipment (A--S); 

St. 6--Demonstration activities (D); 

St. 7--Planning, implementation, and experimentation involving small and mediun- 
capacity generators supplied with wood and/or multifuels (A--S). 


T.EO.2. Production of biomasses through removal of organic charge from organic 
flowback [waste]. 


St. 1--Selection of vegetable species suitable for phyto-purification and pertinent 
thermal and nutritional requirements (D--A) ; 

St. 2--Collection methods (S); 

St. 3--Identification of areas suitable for production (A); 

St. 4--Study of uses (A); 

St. 5--Pilot plants (A); 

St. 6--Demonstration plants (D). 


T.EO.3. Production of biomasses with a high energy content suitable for development 
of marginal lands. 


St. 1--Species search (B); 

St. 2--Experimental cultivation projects (A); 

St. 3--Analysis of energy and biological values (A); 
St. 4--Study of cultivation systems (A); 

St. 5--Cost-benefit studies (A). 
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2.5. Expenditure Estimates 


For expenditure estimates, reference is made to Table EO; the expenditures come 
to 60 billion lire. 


It is believed that the ratio between public research efforts and industrial 
research efforts should be 2/3 and 1/3. 


Table EO. Compilation of Research Topics Proposed in Sector of “Production, 
Collection, and Conversion of Biomasses for Direct and Indirect Energy Purposes" 
(EO) and of Pertinent Expenditure Estimates (in Billions of Lire) 


Code Topics and Subtopics Type of Expenditures 
Research 

T.EO.1 Rationalization of forest cultivation 

and tree-cutting 35 
ST.1-E0.1 Genetic improvement B--A 
ST.2-E0.1 Efficient use of existing forests A 
ST.3-E0.1 New forest areas A 
ST.4-E0.1 Treatment methods A--S 
ST .5-E0O. 1 Lumber industry methodology A--S 
ST.6-E0.1 Demonstration activities D 
ST. 7-E0.1 Wood-fired heat generators 
T.E0.2 Production of biomasses for phyto- 

purification 20 
ST.1-E0.2 Selection of species B--A 
ST.2-E0.2 Collection methods S 
ST .3-E0.2 Identification of areas A 
ST.4.E0.2 Study of uses A 
ST .5-E0.2 Pilot plants A 
ST.6-E0.2 Demonstration plants D 
T.EO.3 Development of marginal areas 5 
ST. 1-E0.3 Search for species B 
ST.2-E0.3 Experimental crops A 
ST . 3-E0. 3 Analysis of energy and biological 

value A 
ST .4-E0. 3 Study of cultivation systems A 
ST.5-E0.3 Cost-benefit studies A 

Grand Total 60 


2.6. Responsibilities 


The CNR and the university institutes as in the past will have to concern themselves 
primarily with basic research in support of specifically goal-oriented research 
activities being carried out to a great extent within the experimental institutes 
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of the MAF [Ministry of Agriculture and Forestry], the laboratories of the ENCC 
(National Cellulose Paper Agency], and the research group in industry. All of 
these activities together will be carried out with the direct participation of the 
final users of the research results and hence with the regional organizations and 
the professional agricultural organizations; the CNEN will be used as a link 
between applied research and industrial and agricultural entrepreneurs. 


Chapter 3. Energy Utilization of Residues and Waste (ER) 
3.1. Premise 


In this chapter we will consider research activities which it has been suggested, 
might also be conducted in the energy utilization sector, in the case, likewise, 
involving the direct and indirect use (see Paragraph 2.1., Chapter 2), of agricul- 
tural, industrial and urban residues and/or waste. 


The volume of materials which might possibly be involved in an at least partial 
recovery to about 150 Gkg/yr from industrial activities and about 14 Gkg/yr 
from urban waste. Right now, only small quantities (7 percent of urban waste) 

are treated and this treatment is not always the best from the energy viewpoint. 
For solid urban waste alone we can see that disposal today is handled according to the 
following methods: “ea 


Dumping 79 percent; composting 3 percent; recycling 2 percent; incineration without 
heat recovery ll percent; incineration with heat recovery 5 percent. 


Looking at industrial waste, utilization is partial and certainly not optimal; 

the most worthwhile types among this type of waste include the following: spent 
residues from olive pressing, sugar, mashing waste, milk serum, metals from blast- 
furnace and foundry slag, textile industry floss silk, and waste from industrial 


processes. 


The same can be said for agricultural waste (straw from cereal crops, corn husks, 
residues from potatoes, tomatoes, and beets, prunings from vines, and animal waste) 
only partly used as fodder and fertilizer. 


In general however we do not even have an accurate picture of what portion of 
those residues and wastes is worth recovering for energy purposes. 


3.2. State of the Art 


3.2.1. Main Operators 


The main operators in this sector so far have been the PFE of the CNR, in coopera- 
tion with public and local agencies (companies under city control), university 
institutes, the ENEL, and industrial establishments with public capital (IRI), 


as well as private agencies. 


3.2.2. Activities in Progress 


The activities in progress in the PFE-CNR primarily involve surveys designed to 
yield information of quantitative and merchandising character (urban and industrial 
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waste, organic agricultural and livestock waste, as well as food industry waste), 
experimentation with differentiated collection methods, production of "compost" 
(fertilizer), production of biogas from waste and sludge, and pyrolysis of solid 
urban waste. 


Likewise in progress are combustion experiments (involving waste and coal) in 
cooperation with ENEL, along with research on the environmental impact of the 
use of waste for energy purposes. 


Activities in the urban and industrial waste sector (cardboard, packing materials, 
etc.) are under way also in the various category associations and the several 
agencies. 


Table ER. Compilation of Research Topics Proposed in Sector of "Energy Utiliza- 
tion of Residues and Wastes" (ER) and Pertinent Expenditure Estimates (in Billions 
of Lire) 


Code Topics and Subtopics Type of Expenditures 
Research 

T.ER.1 Description of residues and wastes 2.5 
ST.1-ER.1 Agricultural and livestock residues 

and waste maps A 
ST.2-ER.1 Industrial residue and waste maps A 
ST. 3-ER.1 Urban waste maps A 
ST. 4-ER.1 Energy description A 
ST.5-ER.1 Identification of most promising 

sector A 
T.ER.2 Experimentation with processes and 

components 25 25 
ST.1-ER.2 Optimization of incineration processes S&S 
ST.2-ER. 2 Utilization as fuel S--D 
ST.3-ER.2 Perfection of "compost" processes S 
ST.4-ER.2 Biogas production processes S 
ST .5-ER. 2 Biogas from controlled discharge A--S 
ST.6-ER. 2 Pyrolysis processes A 
ST./7-ER. 2 Hydrolysis processes A 
ST .8-ER. 2 Separation and recycling processes S 
ST.9-ER.2 Protein recovery B--A 
T.ER.3 System optimization A 1 
T.ER.4 Environmental impact B--A 

Grand Total 30.5 
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3.3. International Trends 


In this sector likewise research activities on the international level are very 
lively, both among the industrial countries and the developing countries. 


In some sectors (biogas production, pyrolysis, production of ethanol from organic 
waste), some industrialized countries (the United States, Brazil, etc.) are making 
a tremendous effort already on the industrial level. 


Other countries (China, India) have developed systems of a family nature which stress 
reliability and simplicity of handling in order to achieve efficiency. 


Nevertheless, as in the case of biomasses, the energy utilization of residues and 
wastes mostly is of a regional character; this presupposes close congruence between 
the solutions adopted, on the one hand, and the real social-economic and geographic 
situation of the area involved. 


3.4. RS & D Development Lines 

3.4.1. Choice Criteria 

Energy utilization is tied not only to the need for identifying even modest contri- 
butions to the effort to meet national energy needs but also makes it possible to 
come up with a no less urgent solution to the problem of waste disposal and the 


elimination of agricultural, industrial, and urban residues. 


The approach adopted in the choice of research projects proposed therefore essential- 
ly involves the following: 


Determination of problem's dimensions in quantitative and qualitative terms; 
P 


Identification of technologies which can be implemented in short-tange and medium 
range terms; 


Optimization of treatment cost-benefit ratio; 


Maximization of direct and indirect recovery of energy content, with "indirect 
recovery" here meaning the recovery of all materials that can still be used for 
the purpose of not losing their energy production content; 


Minimizing the environmental impact. 
3.4.2. Proposed Research Topics 


T.ER.1. Qualitative, quantitative, and geographic description of residues and 
wastes. 


ST. l--Maps on residues and wastes of agricultural and livestock origin (A); 
St. 2--Map on residues and wastes of industrial origin (A); 

St. 3--Urban waste maps (A); 

St. 4--Energy description of residues and wastes (A); 
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St. 5--Identification of action sectors most promising from energy viewpoint (A). 
T.ER.2--Experimentation with treatment processes and components. 

St. 1--Optimization of incineration process (S); 

St. 2--Utilization of fuels obtained from pretreatment of residues and/or waste in 
coal-fired thermoelectric power plants, in cement factories, and in tunnel kilns for 


making bricks (S--D); 


St. 3-- Perfection of methods for producing 'tompost’' from waste and organic refuse 


(S); 
St. 4--Development of processes and components for biogas production (S); 
St. 5--Collection and utilization of biogas from controlled discharges (A--S); 


St. 6--Experimentation with applicability of pyrolysis processes and residues and/or 
waste of various types (A); 


St. 7--Experimentation with hydrolysis processes, including enzymatic, from organic 
byproducts, particularly cellulose-containing byproducts (A); 


St. 8--Development of processes and components to improve the separation and re- 
cycling of materials with a high energy content (cardboard, glass, aluminum) (S); 


St. 9--Recovery of protein of organic byproducts (B--A). 


T.ER.3. Optimization of overall system for energy utilization of residues and 
wastes (A). 


T.ER 4. Environmental impacts of technologies for the energy utilization of resi- 
dues and wastes (A). 


3.5. Expenditure Estimates 


Table ER shows the anticipated expenditures for the various research topics. They 
come to a total of 30.5 billion lire. 


It is believed that the burden should be borne entirely by the federal government 
in view of the particular situation in this sector. 


3.6. Responsibilities 


Responsibility for coordinating research activities, it is believed, should be 
assigned to the CNR in cooperation with CNEN and ENI. 
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Chapter 4. Wind Energy (EE) 
4.1. Premise 


Wind energy is included among renewable energy sources and is the energy which, in 
the light of the current state of the art, seems to be closest to being able to 
compete with the traditional sources for the generation of electric energy at least 
in those places which present favorable wind characteristics. 


The use of this energy source in generating electric power however is still in an 
experimentation phase which is not very much advanced and it is therefore impos- 
sible at this time to obtain any reliable data on the technical-economic yield from 
wind-motors. 


It must also be kept in mind that Italy is not in a very favorable situation from 
the wind viewpoint since few areas with strong and constant winds have been iden- 
tified. 


4.2. State of the Art 
4.2.1. Main Operators 


The problems connected with the use of wind energy are being studied in Italy by 
various agencies and industrial establishments. 


The ENEL is involved in the development of and experimentation with wind-motors for 
the purpose of acquiring experience in converting wind energy into electric power. 


The CNEN is interested in the industrial promotion of wind-motors while the CNR, 
in the context of the PFE, is essentially engaged in basic research (anemology and 
air-motors). 


Among the domestic industrial establishments, FIAT and Finmeccanica (AMN, CESEN 
[Energy Studies Center], Aeritalia) are involved in acquiring knowledge pertaining 
to systems for the conversion of wind energy into electric energy or mechanical 
energy. 


4.2.2. Activities in Progress 


Italian industry over the last two years has developed experience in the planning 
phase involving modern, highly efficient wind-wheels with a diameter of 4-5 m 
particularly suited for use in isolated situations and for water pumping. 


Larger units (50 kw), with advanced aerodynamics and mechanical characteristics, 
are also being built. 


ENEL is working on an extensive and diversified program which includes the follow- 
ing main points: 


Construction (already started) and operation of a testing station for wind-motors 
and a wind-power center, located in Sardinia, consisting of ten medium-sized 
wind-motors (capacity 50 kw, rotor diameter 13 m), made by Italian industry; 


62 











Launching of a vast research program carried out in cooperation with Italian in- 
dustry, with the possibility of also getting international cooperation, with the 
objective of developing large-size wind-motors (with a capacity of 2-4mm Mw); 


Experimentation with small-sized wind-motors (2-5 kw) intended to supply scattered 
houses of isolated communities, possibly in combination with other renewable sources. 


Under the PFE of the CNR and with the cooperation of the principal agencies, an 
anemological analysis is now underway for Italian territory, aimed at the identi- 
fication and description of localities suitable for the installation of wind-motors; 
industrial research on wind-motors has also been financed. 


4.3. International Trend 


In the United States, the DOE is involved in a vast wind energy development program 
which calls for experimentation with wind-motors, both with horizontal and with 
vertical shafts. 


Concerning wind-motors with horizontal shafts, the DOE, through NASA, has already 
installed or experimented with machines between 100 and 200 kw; it is currently 
installing machines of 2-2.5 Mw and, for 1983, it is planning to install wind- 
motors with a capacity of 4 Mw. 


In the field of wind-motors with vertical shafts, research is being conducted above 
all in the Sandia Laboratories where experimentation is in progress on various 
prototypes. 


Likewise noteworthy in the wind energy sector are efforts made by United States 
private industry which has developed various large-capacity machines (2-4 Mw) 
along with others having a smaller capacity. 


Prototypes with a capacity of 3 Mw are in an advanced construction stage in Germany 
and Sweden; a feasability study has also been completed in Germany on a Single- 
blade machine with a capacity of 5 Mw, with a rotor diameter of 145 m (installation 
scheduled by 1985). Important research programs are also underway in Denmark, 
Holland, and the UK. 


4.4. RS & D Development Lines 
4.4.1. Choice Criteria 


In proposing research topics, consideration was primarily given to the objective 
outlined in the PEN, according to which it will be necessary to build the first 
large-sized wind-motor prototype over the next 3 years. 


Consideration was also given to the need for Italian industry to develop an adequate 
production capacity in this sector so as to be represented on the international 
market which over the next 5 years should attain rather considerable dimensions. 
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4.4.2. Proposed Research Topics 


T.EE.1. Study, planning, and construction of a prototype wind-motor with a unit 
capacity of 2-4 Mw; continuation of current activities (A--S). 


T.EE.2. Completion of wind analysis of Italian territory (A). 


T.EE.3. Small and medium-size wind-motor demonstration plants (up to 50 kw) (D), 
also for the purpose of acquiving elements for T.EE.1. 


4.5. Expenditure Estimates 


The expenditure estimates, broken down by topics, are given in Table EE and come to 
a total of 35 billion lire. 


The share to be handled by public research comes to about 75 percent. 


Table EE. Compilation of Research Topics Proposed in "Wind Energy Sector" (EE) 
and Pertinent Expenditure Estimates (in Billions of Lire) 


Code Topics and Subtopics Type of Expenditures 
Research 
TEE.1 Large-capacity wind-motors A--S 16 
T.EE.2 National anemological analysis A 3 
T.EE.3 Small and medium-capacity wind motors D 16 
Grand Total 35 


4.6. Responsibility and Specific Steps 


Industrial research will primarily have to be handled under the initiative of the 
ENEL and the manufacturing industry establishment in this sector. 


Public research will partly be included in the initiative of the CNR which, through 
the PFE, will operate in cooperation with the universities and industry, and partly 
the CNEN, acting as industrial promoter, operating in ciose conjunction with in- 
dustrial research programs. 


It is furthermore necessary at the proper time to boost the national weather service 
so that we may have a systematic collection of data and their processing according 


to the procedures worked out by the CNR, PFE. 


Water Power Development Situation Analyzed 
Rome RASSEGNA PETROLIFERA in Italian 26 Jun 81 pp 529-537 
[Text] We are here completing Part III on other energy sources, 


taking up water power energy, geothermal energy, nuclear fusion, 
and biotechnologies. 
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Chapter 5. Water Power (EI) 
5.1. Premise 


The conversion of water power into electric power is currently being accomplished 
with modest losses; the overall yield from the most modern power plants is close to 
90 percent. 


It has been possible to arrive at these results thanks to the noteworthy progress 
made in the construction of electrical and water-power machinery and the consider- 
able increase in the unit power of the turbine-alternator groups. 

In view of the degree of maturity achieved in this technology, we do not anticipate 
any major improvements for the future. Research in this field must therefore be 
directed essentially at improving the reliability of systems and their compatibility 
with the environment. 

Regarding energy recoverable from the ocean (tides, wave motion, marine currents, 
and temperature [thermal] gradient, this is not of practical interest to Italy 
because of the peculiar characteristics of the Mediterranean; in any case, some 
projects in this field are included in the feasibility study for the Final Project 
of the CNR on Marine Technologies. 

5.2. State of the Art 

5.2.1. Principal Operators 


The principal operator in Italy in this sector is the ENEL which is getting coopera- 
tion from university institutes and from specialized industries. 


5.2.2. Activities in Progress 

Research currently being carried out by the ENEL involves the following: 
Study of new governors for hydraulic turbines; 

Study of tank and dock level regulations; 

Study of static and dynamic behavior of dams; 

Automation of static safety surveillance for dams; 

Models and procedures for optimum operation of valley plains; 

Protection of forced-draft ducts against unexpected losses; 
Nonstationary behavior of hydraulic machinery; 

Studies on multiple utilization of water resvurces; 


Studies on solid river transport; 
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Microseismic aspects of hydroelectric basins; 

Geothermal and geomechanical surveys; 

Impermeabilized and protective materials; 

Studies on structural materials. 

The ENEL is also engaged in action to automate some small hydroelectric power plants 
in order to reduce their operating costs which is extremely high. For this purpose, 
the electric power agency has developed original devices for the automation of 
operations which are already being used in more than 350 hydroelectric power plants, 
some of which have a capacity of several hundreds of kw. 

5.3. International Trends 


In this sector, Italy holds a position of technological prestige and vast experience. 


The international trends are therefore in line with activities currently underway 
in Italy which in many cases provides consultation services for third countries. 


Regarding energy that can be recovered from the sea, projects have been carried out 
and studies are underway in countries along the ocean shore which present charac- 
teristics that would justify financial commitments in this field. 

5.4. RS & D Development Lines 

5.4.1. Choice criteria 

Regarding the research directions to be proposed, it seems useful to continue all 
activities now in progress which can permit ever greater utilization of hydro- 
electric resources. 

It is furthermore considered opportune further to pursue studies pertaining to the 
possibility of recovering dissipated energy in accordance with the falls at the 
bottom of irrigation canals, the discharges from irrigation reservoirs, and the 
discharges from water pipelines. 

5.4.2. Research Topics 


T.EI1.1. Continuation of current research (A). 


T.EI.2. Recovery of dissipated energy according to falls at the bottom of irriga- 
tion canals, discharges from irrigation reservoirs and from water pipelines (A). 


T.E1.3. Ocean energy; feasibility studies and continuation of data collection (A). 
5.5. Expenditure Estimates 

The overall expenditure for the above-mentioned research during the 1981-1985 5- 
year term can be estimated at around 8 billion lire and the breakdown among the 


various topics is given in Table El. 
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All of these expenditures are of course understood to be handled through public 
research. 


Table El. Compilation of Research Topics Propose in "Water Energy" Sector (EI) 
and Pertinent Expenditure Estimates (in Billions of Lire) 


Code Topics and Subtopics Type of Spending 
Research 
T.EI.1 Continuation of current research A 5 
T.EI.2 Recovery of dissipated energy A 2 
T.EI.3 Energy from the sea A 1 
Grand Total 8 


5.6. Responsibility 


Responsibility for the above effort, it is believed, should be assigned to the ENEL 
in cooperation with the CNR. 


Chapter 6. Geothermal Energy (EG) 
6.1. Premise 


It is a good idea to point out here that the research efforts to be outlined involve 
research aimed at innovation, that is to say, research for new methods, new appara- 
tus, and new systems--not the search for endogenous steam, that is, exploration, 
which instead is something that is connected with production. 


The innovation research effort involves above all the phases of the production 
process, from the prospecting of surface areas to drilling, to the digging of the 
wells and all the way to the cultivation of geothermal fields and the construction 
and management of plants. 


Right now, the only geothermal systems from which we are getting anything on an 
industrial scale are the hydrothermal systems; the exploitation of thse systems is 
not necessarily tied to the production of electric power but can--whenever favor- 
able conditions are encountered--entail the direct utilization of geothermal heat 
for domestic, industrial, and agricultural uses. 


The geothermal energy developments program is today based on systems of this type 
which have already been identified or which can yet be identified over vast areas 
of national territory; they are characterized by the most differentiated forms 
capable both of electrical utilization and thermal utilization. In addition to the 
hydrothermal systems, we have other types of geothermal systems, such as the dry 
hot rock systems, the magmatic systems, and the geopressurized systems which repre- 
sent potential energy resources. 


For these systems however it is still necessary to demonstrate the technical-econon- 


ic feasibility of heat extraction and it is expected that their utilization on an 
industrial scale will take a very long time. 
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6.2. State of the Art 
6.2.1. Principal Operators 


Ever since it was founded, the ENEL has been engaged in research as a necessary 
support for activities aimed at the identification and utilization of endogenous 
fluids. 


As we know, according to the 23 December 1975 CIPE resolution, exploration and 
cultivation activities pertaining to geothermal resources on Italian territory 

are being carried out by the joint venture represented by ENEL and AGIP, excluding 
zones in the four Tuscan provinces of Grosseto, Livorno, Pisa, and Siena, where the 
ENEL continues to operate autonomously. In geothermal research activities likewise, 
the ENEL and the AGIP are working out a joint-venture agreement spelling out the 
principal research topics which the two agencies intend to pursue and the various 
methods of cooperation. 


The CNR is also currently involved actively in geothermal research through the 
international geothermal research institute and the Geothermal Energy Subproject 
of the PFE which, in turn, involves the universities, scientific agencies, and 
industrial establishments. 


6.2.2. Activities in Progress 


To get a general reference frame we will, in a summary fashion, indicate the main 
activity sectors (which generally in turn are broken down into several research 
topics) in which the above-mentioned agencies are now operating, along with the 
purposes which they intend to view. 


It should be emphasized that many research projects are being pursued in cooperation 
with foreign agencies (here we might mention in particular the agreement between 

the ENEL and the DOE in the United States, covering various aspects of geothermal 
research) and that others are being carried out with EEC financing. 


A first activity sector, which involves the ENEL, the AGIP, and the CNR, consists 
of the perfection of geothermal prospecting means whose ultimate purpose is the 
improvement of the success ratio of drilling and hence a speed-up in the attainment 
of results. 


Another important sector involves the physics and engineering of reservoirs being 
carried out within the context of the agreements between the ENEL and the DOE, 
on the one hand, and AGIP and Chevron, on the other hand. 


These studies will permit both a better evaluation of reserves--thus leading to 
better utilization projects--and improved use of the reserves themselves, after the 
plants have been put up. 


ENEL and the Geothermal energy subproject of the CNR are working actively in the 
field of stimulating sterile wells by means of fracturation; using this system in 
the Larderello area, it could even be possible to recover by no means negligible 
reserves of thermal energy which today are beyond reach as far as practical use 
is concerned. 
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Since the development of geothermia is tied mostly to the development of hydro- 
thermal systems using available water, it is important to acquire new technologies 
for the extraction and treatment of fluids from dominant-water fields. In this 
sector, ENEL is conducting a series of research and demonstration efforts in the 
Alfina and Cesano fields. 


Another very important topic tied to the exploitation of dominant-water fields is 
the possibility of accomplishing--without any damage to the environment--the re- 
injection of large quantities of fluids into the subsoil. All agencies interested 
in geothermia, especially the CNR, are today working intensely on this topic; the 
CNR can rely on the coordinated effort of IRSA, IIRG, and the SEG [Geothermal 
Energy Subproject]. 


A sector which currently involves all operators consists of the Study of compati- 
bility of geothermoelectric power plants with the environment, particularly re- 
garding the emmission of gaseous effluents into the atmosphere. 


Another important study field right now involves the perfection of methods of 
converting, into electrical energy, fluids at lower temperature and in particular 
between 130° and 150° C; this is being done mostly by the ENEL. 


All of the research activities mentioned so far involve mostly hydrothermal systems 
with a depth of up to 3,000 m. 


Since 1978 however an experiment has been underway in the ENEL concerning the ex- 
ploration of horizons below 3,000 m; this undertaking will make it possible to 
improve technologies and knowledge in the field of deep drilling. In the field of 
dry hot rock systems, the ENEL--on the basis of the previously mentioned cooperation 
agreement with the DOE--is pursuing the most advanced experiment which is now in 
progress in the United States; this is being handled by the Los Alamos Laboratory. 


Finally, in the sector of magmatic systems utilization, the CNR and ENEL have been 
working since 1977 within the context of the agreement with the DOE. 


The current average annual expenditure for innovation research in the geothermal 
sector is on the order of 7 billion lire. 


6.3. International Trends 


Italy, as we know, was the world's first country to use geothermal energy for the 
generation of electricity at Larderello and therefore has unique experience in this 
field. 


Another country which, although it got into the geothermal field rather late, has 
acquired noteworthy competence, is the United States of America whose territory 
contains the world's biggest geothermal field (the geysers in California). 


Along with Italy and the United States, many other countries (such as Japan, Mexico 
New Zealand, the Philippines, Iceland, etc.), can point to important geothermal 
achievements and still other countries are working out development programs to use 
this energy source. 
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The greatest competence however undoubtedly is to be found in Italy and in the 
United States; the geothermal program of the United States therefore can provide 
useful reference in spelling out the objectives under the PNRE. 


The above-mentioned plan provides broad range for research activities and the main 
sectors considered involve the following: physics and engineering of reservoirs, 
drilling technology, technology of extraction and conversion of geothermal fluids, 
and materials study. 


These are sectors similar to those provided for in the Italian geothermal plan; 
among other things, many research topics, as we recalled earlier, are being handled 
in cooperation with Italy on the basis of the ENEL-DOE agreement. 


Under the United States program, some demonstration plants are being planned or are 
already under construction, aimed at the utilization of fluids with a high salt 
content or medium-temperature fluids. 


Furthermore, as we just mentioned, the world's most advanced experiment is underway 
in the United States regarding the use of dry hot rock in which Italy is participa- 
ting on the basis of the ENEL-DOE accord. 


After the Los Alamos Laboratory succeeded in building an artifical circuit capable 
of supplying 5 Mw thermal, plans call for the continuation of the experiments up to 
a thermal capacity of 20-50 Mw. 


Finally, the United States is also active inthe sector of geopressurized systems which 
were discovered in large numbers in the course of petroleum prospecting in the 
Gulf coast. 


6.4. RS & D Development Lines 
6.4.1. Choice Criteria 


In spelling out the priority research and deyelopment directions consideration was 
given to the objectives of the PEN which, by 1990, calls for an electric energy 
production from geothermal sources, amounting to 4 billion kwh/yr and the utiliza- 
tion of geothermal fluids, for thermal uses, up to a value corresponding to 100,000- 
300,000 tep. The attainment of these objectives is also tied to the solution of 
numerecus problems which still obstruct the development of hydrothermal systems 
using dominant water and the perfection of new systems to speed up geothermal 
exploration and the development of the fields. 


We also took into account the need to uphold the prestige of Italian engineering 
worldwise so as to facilitate exports in the technological sector and thus to have 
an opportunity in part to recover the expenditure made for the acquisition of new 


knowledge. 


The proposed research effort in many cases represents the development of activities 
already in progress and in any case are quite in line with the existing potential 
and competence. 


70 








6.4.2. Proposed Research Topics 


T.EG.1. Improvement of basic knowledge on geothermal systems (origin of deposits, 
genesis of fluids, behavior of fields) (B). 


T.EG.2, Updating of estimates of geothermal potential on Italian territory on the 
basis of the movement of data processing methodologies and elements to be pro- 
gressively acquired starting in 1980 (A). 


T.EG.3. Improvement of (geological, geochemical, and geophysical) prospecting 
technologies in order to reduce the current mining risk involved in geothermal 
operations (A). 


T.EG.4. Improvement of technologies for the utilization of medium and high-tempera- 
ture sources for the production of electric energy as a function of the type of 
resource, with particular emphasis on dominant-water systems with high temperature 
and high salinity, in any case stressing the integrated fall [cascade] use of heat 
prior to the disposal of refuse (A). 


T.EG.5. Improvement of technologies and materials (types, cement, and sludge) for 
drilling deep wells (A). 


T.EG.6. Utilization of medium and low-temperature hydrothermal systems for thermal 
purposes. This effort includes market surveys to identify the characteristics of 
potential users, to come up with a cost-benefit analysis, along with demonstration 
projects, identification of the type of action to be given public incentives in 
order to cover the mining risk (D). 


T.EG.7. Research activities for the utilization, in economic terms of every form 
of resource, with particular emphasis on transportation, heat exchange, etc.). 


T.EG.8. Interaction between environment and geothermal activities, both regarding 
the effects deriving from fracturation and from re-injection of refuse [refluxj, 
and regarding the immission of gaseous effluents into the atmosphere (A). 


T.EG.9. Identification of site potentially suitable for artificial extraction of 
heat (hot rocks, magmatic rocks) (A). 


T.EG.10. Perfection of techniques to stimulate existing sterile wells (artificial 
saturation of deep impermeable formation) representing a rather tight spot in hand- 
ling artificial systems (A). 


6.5. Expenditure Estimates 


Table EG shows--for each of the research topics listed in the prior point--the 
proposed expenditures for public research (20 billions). For the planned industrial 
research efforts (40 billion lire)--given the high rates out of the total expendi- 
ture volume--a private contribution equal to two-thirds of the figure (26 billions) 
has been requested. 
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6.6. Responsibility--Necessary Steps 


Responsibility for public research actions in the geothermal sector rests with the 
CNR as the research agency already qualified to handle this matter; the CNR will 
work through SGE and IIRG with the cooperation of the universities, the scientific 
agencies, and industry, not excluding the ENEL and the AGIP. 


Industrial research will mostly be pushed by the ENEL and the AGIP as the managing 
agencies in the geothermal sector; but the manufacturing industries will be asked 
to contribute their share regarding machinery and systems for the treatment of fluids. 


It is believed that it would be a good idea if the action of the ENEL, the AGIP, and 
the CNR were to be coordinated by a specially established committee, something which 
is already being done now anyway. 


But it is noted that the current structures operating in the basic research sector 
(the research institutes and the universities)--although they do have the necessary 
scientific training and satisfactory instruments--are not able to operate on 
schedule, as required, due to shortages of personnel, funds, coordination, etc. 


It is therefore considered indispensable that: 


(a) The CNR as soon as possible boost the IIRG in order to enable it to work more 
conveniently in the sectors of its own competence and that it boost some sectors 
of the Italian universities, where activities in the geothermal field have already 
been started, by assigning more personnel; 


(b) The SEG of the CNR be extended to a second phase where it would be able to con- 
tinue in particular the indispensable effort of selling practical applications per- 
taining to the medium and low-temperature systems, as well as to provide an incen- 
tive for the acquisition of the knowledge necessary for the use of artificial 
systems; 


(c) A law be passed early, pertaining to the regulation of the discovery and use of 
geothermal energy which would assign the proper significance to the relationships 
that must be worked out between government-owned industrial establishments and 
research outfits and which would spell out an active role for the local entities 

and the regions in particular in the management of medium and low-temperature energy 
resources. 
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Table EG. Proposed Research Topics in "Geothermal Energy" Sector and Pertinent 
Expenditure Estimates (in Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 

T.EG.L Improvement of basic system knowledge 8B 6 
T.EG.4 Domestic geothermal potential A 4 
T.EG.3 Prospecting methodologies A 7 
T.EG.4 Technologies for the utilization of 

medium and high-temperature sources A 7 
T.EG.2% Deep-well drilling technologies 
St.1-EG.5 Materials A 7 
St.2-EG.5 Technologies A 
T.EG.6 Utilization of low and medium- 

temperature hydrothermal systems D 10 
T.EG.7 Utilization of resources in 

economic terms A 3 
T.EG.8 Interaction with environment 11 
St.1-EG.8 Fracturation and re-injection A 
St.2-EG.8 Immission of gaseous effluents A 
T.EG.9 Identification of sites for ar- 

tificial heat extraction A 1.0 
T.EG.10 Stimulation of sterile wells A 4 

Grand Total 60 


Chapter 7. Nuclear Fusion (EF) 
7.1. Premise 


Research on nuclear fusion is designed to lead to the construction of an apparatus 
capable of producing energy by using the light nuclei fusion process (for example, 
deuterium and tritium). Nuclear fusion uses lithium and deuterium as fuels; they 
are available in large quantities and in a uniform manner on earth. Fusion further- 
more has a noteworthy potential for the attainment of a high degree of acceptability 
from the environmental viewpoint. 


It is anticipated that experiments currently under construction and those to be 
operational as of 1982 can provide an experimental demonstration of the scientific 
feasibility of fusion during the eighties. 


To complete the research program and to put together a plant which would demonstrate 
the full feasibility of this undertaking from the engineering viewpoint and which 
would likewise provide valid information on economical operation, safety, and ac- 
ceptability from the environmental viewpoint as far as fusion is concerned, we will 
need another 25-30 years. Current estimates indicate that this program will call 
for financing of around 15 trillion lire plus the employment of 3,000 technicians. 


From what we have just said, we can see that the "fusion undertaking" cannot be 


handled by a single European country and perhaps not even by the EC alone when we 
keep in mind also the fact that we still have today a degree of uncertainty 
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concerning the attainment of ultimate success which, we repeat, must be seen in 
terms of the achievement of an energy source with broad acceptability both from the 
economic and the environmental viewpoint. 


In this situation, a country, such as Italy, has no choice other than to get into 
the community program. This choice is certainly much more difficult to "handle" 
than the choice involving independent research which however, when looked at with 

a critical eye would turn out to be rather chancy and doomed to cause Italian re- 
search to slip to the provincial level. This integration will enable us to acquire 
knowledge above all of a scientific type, deriving from community experiments and 
ruling out duplication of effort and thus cutting expenditures under the national 
program. 


In the context of the EC, all activities aimed at nuclear fusion (in other words, 
calling for the completion of basic research on plasma physics above all carried 

out in a university setting) will be carried out within the scope of the association 
between Euratom and the national agencies (generally those in charge of nuclear 
research). Euratom's function to coordinate all European activities on fusion has 
been approved in the decisions of the cabinet on multiannual programs presented 

by Euratom. This coordinating function is being carried out primarily by a series 
of agencies in which all countries, in addition to Euratom, are represented. The 
programs of the various associations must go through these organizations which are 
furthermore expected to handle the task of at least giving “priority action" status 
to the most significant projects, with important consequences also in terms of 
financing. Euratom as a matter of fact is participating with a contribution of 

25 percent in the research expenditures, except for priority actions which are being 
financed to the tune of 45 percent. 


7.2. State of the Art 
7.2.1. Principal Operators 


The CNEN and the CNR, both of them in association with Euratom, are operating in 
the fusion field in Italy. 


The CNEN is the chief operator since its program, carried out at the Frascati Center, 
covers more than 80 percent of the Italian effort. 


The CNR operates primarily with two units: the plasma physics laboratory at Milan 
and the ionizing gas center at Padua. 


Activities among the three agencies are coordinated within the Management Committee 
of the Associations and by a coordinating committee made up of the directors of the 
three laboratories and the director fo the Euratom fusion program. 


7.2.2. Activities in Progress 


There are two lines of approach to fusion which are being pursued at the Frascati 
Center: magnetic confinement and inertial confinement. 
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In magnetic confinement we use low-density plasmas (corresponding to about 0.001 
percent of atmospheric density), confined by magnetic fields for time intervals on 
the order of seconds and we mostly use machines of the Tokamak type. 


In inertial confinement, we use plasmas with extremely high density (equal to or 
more than up to 1,000 times the density of solids), confined by the very inertia 

of the plasma particles for extremely short intervals of time (about 1 billionth of 
a second). To obtain these plasmas, the most promising route to go today would seem 
to be implosion of microspheres of deuterium-tritium due to the effect of high- 
power laser light pulses. 


A. Magnetic confinement: the main activities are as follows: Tokamak FI (Frascati 
Tokamak). It went into operation in 1977 and was built entirely in Italy with the 
collaboration of industry; it is currently one of the most advanced in the world 
and can hold on to a significant position for several years provided it is boosted 
as part of a version currently already being planned (FT-Upgrade). The most im- 
portant development involves the introduction of a method of supplementary plasma 
heating through the use of a radio-frequency source. Right now, work is being com- 
pleted on a source capable of transmitting a power of about 1 Mw to the plasma. 


Plasma Focus. This is an experiment which produces a plasma with thermonuclear 
parameters but in a small volume and with high density. 


Jet. The Frascati Laboratories are used in participation in the Jet Project now 
under construction at Culham (Great Britain). This is a Tokamak of large dimensions, 
costing about 300 billions (1980 prices); its first, base output phase will be com 
pleted by 1983. It is financed to the extent of 80 percent by Euratom, 11 percent 

by Great Britain, and the rest by member countries. (The direct Italian contribution 
is equal to about 1 percent of the project cost). 


This participation is arranged in the following two aspects: 


(a) Participation in project and construction of machines; a group of 15 Italian 
technicians is participating here (out of a total of 105 personnel coming from 
continental Europe) also in positions of major responsibility (about three of the 
six technical divisions are directed by Italians); Italian industry has received 
significant and high-grade orders (about 13 percent of the total, excluding building 
construction) ; 


(b) Participation in experiments with the machine; so far, two important diagnostic 
methods (amounting to a total of about 2 billion lire) have been assigned to the 
CNEN-Euratom Association which will have to he handled entirely at the expenditure 
of Jet; this activity will require between six and eight expert PhD's. 


Superconducting magnet. As for the more technological aspects, which are also 
interest in reactor terms, in addition to the previously mentioned radio-frequency 
heating system, there is now underway a noteworthy program for the development of 
superconductor magnet is for machines of Tokamak type. Two big magnets are now 
being built (diameter 1.5 m) with NbTi conductor, entirely developed and built (for 
the first time) in Italy. These magnets are part of a test facility which will 

be assembled in Switzerland in cooperation with a Swiss and a Dutch institute. 
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With this test facility it will be possible to make magnets made up of the most 
advanced conductors (NbAl for the CNEN) capable of producing bigger magnetic fields 
than those now attainable with NbTi. 


B. Inertial confinement through laser: the main activities here are as follows: 


Neodymium, two-beam lasers with 2 x 200 J energy, 2 ns, primarily for physics ob- 
jectives. The experiment, whose entry into operation is planned for the first half 
of 1981, has the main purpose of obtaining conclusive information on one of the 
crucial aspects of laser function (target geometry and implosion dynamics). 


The Co, laser, whose current energy can come to as much as 50 J, 2 ns, also for 
technofogical objectives, making it possible to bring this laser to the highest 
energy level. 


The direct expenditures (excluding personnel and general expenditures at the center) 
for research in the CNEN program were about 50 billions during the period of 19/76- 
1980. About 60 researchers are employed here. That comesto about 8 percent of 

the community program (excluding jet). 


The Milan laboratory of the CNR is concerned with the physics of the Tokamak 
machines, with particular reference to radio-frequency heating. The Milan labora- 
tory right now is also involved in a collaborative effort on the Ignitor Project. 
A medium-dimension Tokamak (Thor) is in operation at the Milan laboratory; basic 
studies are being conducted with it on the physics of confinement and a method for 
radio-frequency heating on the basis of cyclotronic-electronic frequency wili be 
experimented with here. The Frascati Laboratories are cooperating in this under- 
taking by preparing the power components of the plant. 


The CNR laboratory at Padua is concerned with the physics of toroidal "pinch" and 
has built a machine which constitutes the most advanced experiment operating in 
Europe today in this field. This line is in many ways complementary to the Tokamak 
line and can furnish valuable information on the best magnetic configuration to 
obtain the best exploitation of the machine's magnetic energy. 


The CNR laboratories are using about 30 researchers and ihe direct expenditures 
for research (including research personnel hut excluding general technical services) 
were about 4 billions during the period of 1976-1980. 


7.3. International Trends 


On the international and the European levels, the yast majority of efforts is con- 
centraced on the Tokamak approach. In particular, about 80 percent of the efforts 
in Europe have been concentrated on the Tokamak line. The remaining 20 percent are 
subdivided among stellerator, toroidal pinch, and inertial confinement. 


In the choice among experiments with mostly physics objectives, preference is being 
given to those that are capable of producing a plasma with parameters (some, if 
not all) similar to those of a reactor. 
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It has been required that the experiments reveal a greater degree of flexibility 
and reliability also to make sure that the investments necessary--for competitive 
experiments--necessarily are on the order of several tens of billions. 


In the European field, similar to what has been done in the United States, a "review 
panel" has been established which is to recommend a medium-term strategy to Euratom, 
examing the various approaches to fusion. The result of this effort should be 
available by the middle of 1981. The technological and plasma engineering problems 
which are of interest in reactor terms have become the central element of prograw 
discussions in the most important domestic and international agencies. This is 

why these problems are emerging ever more clearly and this is why we realize that, 
talking about "the feasibility of fusion," without taking up some of the problems, 
may be a rather risky thing if we want to outline a role for fusion in connection 
with the problem of energy supply. The DOE is moving along the line of this trend. 


It intends as a matter of fact to establish a fusion engineering center one of whose 
most important objectives would be to build a Tokamak machine (Fusion Engineering 
Device--FED) which, in the structure, to the point that cou)d be reasonably accepted, 
would incorporate reactor technologies but which would also serve as a test bench 
for components, especially those of the casing which envelops the plasma where the 
energy from the neutrons is deposited and where the breeding of tritium takes place. 
The construction of this machine would start in 1983-1984 in order as soon as pos- 
sible to get some crucial information in the field of engineering which would lead 
to strategic choices with all of the necessary caution. This guideline, which was 
suggested by a special "review panel" was recently spelled out (in October 1980) in 
a law passed by the United States Congress which establishes as “national goal" the 
attainment of full demonstration of fusion (via Tokamak) as a source of electrical 
energy by the year 2000 with an expenditure of around $20 billion. 


Regarding inertial confinement (laser), we must remember that research in this fieid 
can be of military interest both for the applications of laser systems and for 

basic knowledge that can be acquired by studying the process of target implosion. 

In relation to this, there is opposition, within the EC, from France and Great 
Britain who are trying to have this research effort promoted and financed by Euratom. 
The Community's Cabinet has decided that a very modest effort (13 million accounting 
units during 1979-1983 five-year term) allocated to this research and that any 

real and proper compression experiments be excluded and that the effort be confined 
to studies on interaction between light and matter. 


There are two civilian laboratories inthe EC which are working in this field, that is, 
Garching (West Germany) and Ecole Polytechnique (France) with roughly comparable 
efforts. 


From the viewpoint of physics, the most promising results seem to come from the use 
of short-wave lasers (1 mu or less); they however are still limited, in terms of 
reactor use, by rather low efficiency levels (around 1 percent) the complexity and 
limited liability of components. From the technological viewpoint, gas lasers seem 
to be more worthwhile and among these, today, those using Co, whose wavelength how- 
ever is around 10 mu; at this frequency, the lock-in of the beam's energy on the 
target seems to be worse. With a better prepared tare-t outline one could overcome 
this obstacle. More generally the efficiency of compression is influenced decisively 
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by the geometry and makeup of the target; as a matter of fact, on that score, the 
civilian laboratories in the United States are most reserved. 


Some believe that research in this field--at least the kind of research that is done 
by civilian laboratories--has not yet reached the stage of maturity attained by the 
Tokamak units. However, an accelerated effort is underway especially in the United 
States where the plarts, ready by 1985--whose energy comes to Kj--could demonstrate 
the balance between energy in the laser ray and nuclear fusion energy. 


7.4. RS & D Development Lines 
7.4.1. Choice Criteria 


The national effort, in terms of skilled personnel and funding, will be dimensioned 
in relation to the European effort above a critical threshold which will make it 
possible: 


(a) To be a "partner" in the Community program which produces "required" knowledge 
and which would not just "maintain" a level of competence or conduct "follow-up" 
research; 


(b) To be ab}. to derive a "fair return" from the community enterprises to whom we 
in Italy also contribute financially; 


(c) To be able to participate in community undertakings with our Italian special- 
ists, without thus compromising our domestic italian program; 


(d) To make plants on such a level as to enable the domestic industry, which makes 
them, to upgrade itself also on the international level and to acquire competence 
in technologies of interest in reactors. 


The current Italian program is definitely below this critical threshold not so much 
in funding but more in skilled personnel; the personnel force must urgently be 
increased substantially and the personnel increase must be properly planned; for 
example, we are not even able to meet the requirements listed in (c). 


Most of the efforts have been concentrated on a single approach (the Tokamak ap- 
proach) which supposedly is the most promising and the most strongly pursued so as 
to enable us to be competitive on the Community level both in terms of quaiity and 
in terms of range. 


We have identified an approach to alternate fusion (the laser approach) in contrast 
to the main approach where we might make a competitive effort in terms of quality 
but not necessarily in terms of scope, so that we may be ready to get into this 
market assuming there is a change in the outlook. 


There are two main reasons behind the choice of laser fusion as an alternate ap- 
proach: 


(a) The laser approach to fusion is substantially different from the Tokamak ap- 
proach and its prospects are independent of the development of research on Tokamak; 
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(b) At the Frascati Center, fusion with lasers represents one of the application of 
a vaster program of power laser development. 


The prospects for a substantial development of this line within the EC are un- 
certain. In the current situation regarding resources available in Italy, it does 
not seem possible for us to make an effort in this field which would be quantita- 
tively competitive on the international level (particulaily with reference to thr 
United States); but it can and must be competitive on the Community level. 


In making our choice among activities to be conducted in the field of magnetic 
confinement, compatibility with the quality, productivity, and reliability of equip- 
ment and resources used (personnel, services, infrastructure facilities) is of 
fundamental importance. y) 


In the choice of apparatuses for primarily physics objectives we are looking to 
conducting experiments which: 


Will recognize the requirements for competitive physics research in the community 
context with the adoption of technologies applicable to future greater undertakings 


involving fusion or going into other fields of industrial concern; 


Will reveal ever greater reliability so that they may be adjusted to the require- 
ments springing from growing complexity and cost of apparatuses; 


Will not be technologically risky if they require a majority commitment of available 
resources or if the technologies to be employed do not offer a good probability of 


future applications; 


Will reveal adequate flexibility in coping with the inevitable unforseen events of 
a scientific and technical nature in the behavior of plasma for the machine itself. 


In the choice of apparatuses with primarily technological ohjectives, we prefer the 
technological areas which: 


Can have an industrial fallout (for example, radio-frequency superconductivity, 
physics of surfaces, power laser, etc.); 


Can become essential in big machines for fusion in information-level programs. 


In this way we could be sure to give a technological program the kind of continuity 
and prospects which alone can attract interest also among domestic industry. 


The final fuel of a reactor is a mixture of deuterium and tritium. 


In an experiment with tritium, there are three types of knowledge which can be 
acquired and which are specific in connection with the presence of tritium: 


(a) Physics of a plasma with nuclear heating; 


(b) Technology of tritium and pertinent safety problems; 
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(c) Technology of remote handling necessary above all for the induced radioactivity 
in the structures. 


Conducting an experiment involving the extensive use of tritium would take up most 
of the Italian effort on fusion and would probably require the election of a site 
different from Frascati where the use of tritium in several grams (105-10° Curie) 
would be possible. At this new site it would be necessary to concentrate the princi- 
pai activities on fusion, following a trend also pursued in other countries (the 
last of which, in terms of time, was France). The impact of a choice of this kind 
is quite evident: new major investments close to 100 billions, at high risk and 

even more so if at reasonable risk and reduced utilization of current equipment 

for fusion; only partial recovery of current personnel used for fusion and therefore 
probably necessary large-scale new hiring; attainment of an acceptable level of 
scientific productivity not before 6-8 years after start; substantial conversion of 
current Frascati Center to new activities. 


The decision to conduct an experiment involving the extensive use of tritium would 
have to be made in the context of long-term planning which at the same time however 
would be very flexible because, during this decade, we will get a large volume of 
information which might point to making changes in our choices. This decision is 
not only risky but would entail a considerable degree of rigidity for our programs 
and would absorb an excessive portion of the Italian effort, leaving other research 
areas, especially technological research areas, uncovered although we may have 
better prospects of future development there. 


The question to ask ourselves at this point is whether there is just one choice to 
follow, assuming that it is practicable, so that Italy may continue to play a proper 
role in Community research on fusion. 


From the physics viewpoint, we find that, during the second half of the eighties, 

‘ET will have a plasma with tritium. Qur Italian researchers certainly can have 
access to this experiment and therefore the knowhow on the physics of a thermo- 
nuclear plasma would at least be partly obtainable. This experiment could be signi- 
ficantly complemented by a limited operation with tritium using the FT Upgrade 
machine if ve should not have the capacity to make plasma with thermonuclear dia- 
meters consisting of deuterium and if we should not be able to attain the reliability 
required from the technical viewpoint. 


From the viewpoint of tritium technology and pertinent safety problems and with a 
view to knowledge transfer above all to Italian industry, it would be much more 
useful to have a tritium laboratory (similar plants are under construction in the 
United States, the USSR, and Japan) where the entire tritium cycle (extraction, 
purification, containment, and handling) could be studied with quantities and ways 
sf interest in operating a reactor. 


From the viewpoint of the "remote handling" technology, 4 significant experiment 

for reactor purposes can be conducted above all on accessible machines and therefore 
large-size machines (of the JET type); with small and therefore compact machines, 
remote-handling can be much more limited and can be arranged to fit in with that 
particular machine. 





7.4.2. Research Topics 
T.EF.1. Magnetic confinement. 


St. 1--Powered version of the Tokamak FT (FT-Upgrade) with additional heating up to 
8 Mw and current in plasma up to 1.5-2 Ma; the main objective is the demonstration, 
in deuterium, of the attainment of plasma conditions to the breakeven point (in 
other words, balance betweea thermonuclear power produced and heating power) (B); 


St. 2--Successive utilization of FTU plants [Frascati Tokamak Upgrading) with a 
deuterium-tritium plasma in such quantities that would create limited technical, 
safety, and environmental problems and would therefore be feasible at Frascati 
(B--A) ; 


St. 3--Development, in the CNR laboratory in Milan, always in closest cooperation 
with the Frascati laboratories, of basic research activities on advanced radio- 
frequency heating methods and participation in larger-scale experiments in the 
program at Frascati (B); 


St. 4--Setting up activities on toroidal pinchat Padua both through in a big under- 
taking to be carried out at Culham also with the collaboration of Los Alamos (United 
States), and by boosting the current machine (ETAB II). In this way Italy, with 

a relatively modest effort, can hold on to an advance position on a line which could 
make an important contribution through the choice of an optimum magnetic configura- 
tion in toroidal machines (B--A). 


T.EF.2. Experimentation with "JET." 


St. l1--Preparation of significant experiments to be conducted with JET, including 
preparation of diagnoses (B); 


St. 2--At Frascati, with the collaboration of domestic industry, develop technologies 
with a secure future, such as super conductivity, radio frequency, interaction 
between plasma and surfaces, diagnosis for big and radioactive machines (JET) which 
would enable us to be involved in the plannin;, construction, and use of future 

big enterprises on the international level (B--A). 


T.EF.3. Laser Fusion 


In the context of this program we must try to reconcile high-grade physics research 
with technological developments in which we must involve Italian industry. 


A laser plant using neodymium is now being built for laser fusion experiments. 
For more technological development, we chose the CO, line which is more efficient 
and which gives us a broader application spectrum. We are transferring this 
technology to domestic industry. 


T.EF.4. Experimenta-ion with the use of tritiun. 
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7.5. Estimated Expenditures for the Fusion Program during the 1980-1984 5-Year 
Term 


Tabie EF shows the research topics and the pertinent expenditures (113 billion 
lire). 


Table EF. Compilation of Research Topics Proposed in "Nuclear Fusion" Sector 
(EF) and Pertinent Expenditure Estimates (in Billions of Lire) 


Code Topics and Subtopics Type of Spending 
Research 

T.EF.1 Magnetic confinement B 88 

ST.1-EF.1 Powered version of Tokamak FTU B 

ST.2-EF.1 Use of FTU plant B--A 

ST. 3-EF.1 Radio-frequency heating methods B 

ST.4-EF.1 Activities on toroidal pinch B 

T.EF.2 Experimentation with "JET" “ 

ST.1-EF.2 Preparation of experiments B 

ST.2-EF.2 Collaboration with industry B--A 

T.EF.3 Laser Fusion B--A 18 

T.EF.$ Experimentation for use of tritium B--A 3 
Grand Total 113 


For this sector we consider it necessary to promote--in an Italian center which 
already has the basic knowledge and the infrastructure facilities--or at the Ispra 
Center, the construction of a laboratory for tritium technology and to develop long- 
ijasting and broad-ranging technological programs such as those involving materials 
subject to a high particle flow, plant safety, neutronics, technology of the blanket 
surrounding the plasma where the breeding of tritium takes place, and energy re- 
covery (B-—-A). 


7.6. Responsibility and Special Steps 


Responsibility for developing the fr: .2n energy source in cooperation with inter- 
national agencies must rest with ti. CNEN. Within the CNEN centers, we must carry 
out the big programs and build the big equipment units. 


The most necessary and urgent steps influencing the implementation of the described 
programs are two in number: 


Significant increase in technical-scientific personnel with college degrees; it 
is necessary to double the number of researchers (from 60 to 120); 


Different labor relationships permitting differentiation according to responsibility 
and skill level, to be competitive on the labor market. 


The CNEN should, by way of an understanding with CNR and the universities, promote 
vaster interest in plasma physics and it should do this on specific topics which 
do not require big equipment units; this also includes interest in fusion tech- 
nologies and the study of fusion reactors systems. These activities will not only 
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Serve as support for the big programs but will also help in training personnel, 

in giving researchers more mobility, and in expanding and deepening the culture in 
this field which in Italy is on a lower development level than the other European 
countries. 


For this purpose it would be necessary among other things to be able, in the simplest 
way possible to use some administrative structures, such as: 


(a) Cooperation contracts which would permit mobility for researchers; 
(b) Research contracts for CNR groups and university institutes; 


(c) Sending researchers from the Italian universities to European research centers, 
using the Euratom funds earmarked for this purpcese; 


(d) Research doctorates in physics and plasma engineering. 


fhe participation of Italian industry in projects of interest in fusion research 
must be further stepped up. The guidelines issued by the CNEN for the program 
choices described in Paragraph 4 assign adequate priority to the requirements for 
improving the quality of domestic industry. 


During the implementation phase it is necessary to broaden the planning responsibili- 
ty of industry, in addition to the construction responsibility which it already has 
today, in order to enable it better to compete with the industries of other countries 
especially when it comes to getting orders for community undertakings. The interest 
of industry, not only in Italy but also in other countries of the Community, is 
focused on the supply of components, even though they may be complex ones. The 

time does not yet seem right in Furope for the involvement of industry on the level 
of expanded systems (for example, the complete Tokamek machine); fusion is still in 
an area of excessively rapid evolution and it is therefore far from the kind of 

setup that would be required by industry (with the exception of Japanese industry 
which for many years has been involved in the planning and construction of complete 
Tokamak plants or even complete diagnostic systems). 


In spite of this, in the process of getting the Italian establishments involved in 
this effort (mecessarily on a high technological level, with their own know-how) 
it seems a good idea right now to identify the outfits that are available when it 
comes to gradually developing their own competence on the system level in close 
conjunction and coordination with the activities of the CNEN. 


Chapter 8. Biotechnology (EB) 
8.1. Premise 


The contribution to the energy balance sheet deriving from biological systems today 
for the most part is entrusted to the utilization of biomasses (see Chapter 2). 

The current limitations can be significantly resolved through the development of 
biotechnologies. Here, the energy sector constitutes one of the most recent gains 
which however is confined to the basic and applied research levels. However, as it 
appears above all from an international comparison, this development is considered 
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capable of significantly contributing to the domestic energy balance over the next 
10-15 years. 


The basic premise for the development of energy biotechnologies consists of the use 
of very advanced systems and biological techniques such as industrial microbiology, 
genetic engineering, the techniques of immobilization and stabilization of biological 
elements (cells and/or cell components in polymeric matrixes. 


These technologies in part acquired both on the research level and on the industrial 
level through sectors different from the energy sector. 


It is therefore necessary to promote: 


(a) Greater diffusion of methodologies also to specific professional training pro- 
grams ; 


(b) Adaptation of technologies to the particular requirements of energy production. 
8.2. State of the Art 
8.2.1. Principal Operators 


The research is being conducted on a rather fragmentary level above all by the 
public research agencies (CNR, CNEN) and in the universities. 


The ENI (Assoreni) is also developing some programs in this sector while other 
public industrial establishments in this country are able to supply components. 


8.2.2. Activities in Progress 


The CNEN is active with its programs on the enzymatic hydrolysis of cellulose, 
alcoholic fermentation, anaerobic digestion, and more recently on the biolixiviation 
(disulfuration) of coal. 


fhe CNR and the universities in some agencies and laboratories are conducting re- 
search connected with energy biotechnology, particularly on the production of 
microbic biomasses and energy conversion by microorganisms. 


Assoreni is conducting research and development programs on the technics of bio- 
catalysis through industrial processes and production of hydrogen by photosynthetic 
batteries. 

8.3. International Trends 

All of the major industrialized countries in recent years developed complex programs, 
generally with public financing, in the sector of biotechnologies for energy appli- 
cations. 

These programs have one feature and that is that they are derived from more general 


programs in the industrial biotechnology sector in which the United States, Japan, 
Germany, Great Britain, and France are now heavily committed in research, with 
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considerable investments in the industrial sector (for example, Tanabe of Japan, 
Tate and Lyle in England, etc.); many patents have been developed here. 


The EC itself is promoting research projects in biotechnology including also energy 
appiications. 


8.4. RS & D Development Lines 

8.4.1. Choice Criteria 

By way of introduction we must note here that, regarding this sector, we are not yet 
able to come up with quantitative estimates on possible contributions to the energy 
balance sheet because all activities, as we stressed earlier, are still on the 

basic and/or applied research level. 

The proposed research topics will therefore be considered as programs aimed at 
checking scientific and technical feasibility and professional training for skilled 
operators. 

8.4.2. Proposed Research Topics 


T.EB.1. Production of Fuel from In-Vivo Biological Systens 


l1--Biophotolysis of water (B-~A); 
St. 2--Fixation of nitrogen (B-—-A). 


T.EB.2. Production of fuels and electrical power pvotenials from in-vitro biological 
systems. 


St. 1--Photosynthetic production of hydrogen (B--A); 

St. 2--Photovoltaic cells with biological elements (B--A); 

St. 3--Biomimesis: synthesis of chemical complexes simulating biological energy 
functions (B--A). 

T.EB.3. Professional Training 

8.5. Expenditure Estimates 

The total public expenditure comes to 5.5 billion lire. 

8.6. Responsibility and Special Steps 

Since this involves research of an interdisciplinary character, it is believed that 


it is up to the CNR to assume the responsibility for the coordination of operators 
in the sector. 
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Table EB. Compilation of Proposed Research Topics in "Biotechnology" Sector 
(EB) and Pertinent Expenditure Estimates (in Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 
T.EB.L Production of fuels from in-vivo 
biological systems 
ST. 1-EB.1 Biophotolysis of water A--B 
ST.2-EB.1 Fixation of nitrogen A--B 
T.EB.2 Production of fuels and electric 


power potential from in-vitro 
biological systems 


ST.1-EB.2 Photosynthetic production of 

hydrogen A--B 
ST.2-EB.2 Photovoltaic cells with biological 

elements A--B 
ST. 3-EB.2 Biomimesis A--B 
T.EB.3 Professional Training 


Grand Total 
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5--Fusion; 6--Geothermal; 7--Biotechnologies; 8--Water energy. 








Final Uses Described 


Rome RASSEGNA PETROLIFERA in Italian 17 Jul 81 pp 578-580 


[Text] In this issue we start the publication of Part IV of 
the PNRE as expressed by chapters on agricultural and live- 
stock uses, civilian uses and housing construction, and in- 


dustrial uses. 
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Part IV. Final Uses 
Chapter 1. Agricultural and Livestock Uses (UA) 


l.l. Premise 


it seems certain--on the basis of initial Italian sector experiences and results 
of more advanced studies conducted abroad--that direct energy consumption (fuels, 
electric power) and indirect energy consumption (fertilizer, pest control agents, 
seeds, etc.) in agriculture, as well as those directly found in the sectors of 
transformation, distribution, and final consumption, are capable of extensive 
reduction. 


A necessary premise for any action aimed at holding consumption down is a detailed 
knowledge of the structure and entity of such consumption, something which we today 
only have an overall and rough knowledge of. 


For an overall energy balance of the system we must consider together the consump- 
tion of the agricultural enterprises, the consumption connected with industrial 
processing, that is, by typicaily agricultural industries, such as the dairy in- 
dustry, the wine industry, the oil industry, and the initial processing industry 
(canning and milling) and finally consumption pertaining to the sale and preserva- 
tion of products. 


1.2. State of the Art 
1.2.1. Principal Operators 


The principal operator at this time is the CNR (PFE, agricultural mechanization, 

and containers), supported by university institutes, the CNEN, and the experimental 
stations of the MAF. Some industrial establishments with public and private capital 
have also been doing sector research in this field. 


1.2.2. Activities in Progress 


These primarily involve information-gathering surveys of limited range as well as 
experimental efforts aimed at checking on the suitability of using nonconventional 
energy sources or systems (solar, geothermal, combined production of heat and elec- 
tric energy) in particular cases. 


1.3. Interaational Trends 


Studies designed to analyze the relationship between agriculture and energy have 
been conducted in the United States, Great Britain, Israel, and France. These 
studies evidence the regional characteristics of the problems and are extremely 
useful in defining a methodology for approaching the problen. 


It must be noted that the interest in all these studies goes beyond employment on 
the national level and extends to the acquisition of knowledge applicable in the 
context of relations with developing nations. 








1.4. RS & D Development Lines 
1.4.1. Choice Criteria 


The Topics proposed below take into account the information requirements expressed 
in the premise, the current technological development of the sector considered, 
and the need for obtaining results already in short-range and medium-range terms. 


1.4.2. Proposed Research Topics 


T.UA.1. Definition of energy requirements of the system consisting of agriculture 
and various consumption items in terms of time and space, for a production study 
and for the determination of energy sources. 


St. l--In agricultural establishments (A); 

St. 2--In transformation processes (see also UI Chapter 3, Part IV) (A); 
St. 3--In sales (A); 

St. 4--In conservation (A). 


T.UA.2. Quantitative expression of energy savings which can be achieved in the 
agriculture-consumption system and identification of subsystems with improved pro- 
duct-consumption ratio (experimentation). 


St. l--In agricultural establishments (A); 

St. 2--In transformation processes (see also UI, Chapter 3, Part IV) (A); 
St. 3--In sales (A); 

St. 4--In conservation (A); 

St. 5--Genetic and physiological improvement (B--A). 


T.UA.3. Definition and optimization of integrated systems in the service of agri- 
culture and the rural sector (A--S). 


1.5. Expenditure Estimates 


The expenditure estimates, broken down by topics, are given in Table UA. They 
amount to a total of 15 billion lire. 


We propose a distribution among public spending and industrial spending equivalent 
to 2/3 and 1/3. 
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Table UA. Compilation of Proposed Research Topics in “Agriculture and Livestock" 
Sector (UA) and Pertinent Expenditures Estimates (Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 
' T.UA.1 Definition of Energy requirements 1.5 
ST.1-UA.1 In agricultural establishments A 
ST.2-UA.1 In transformation processes A 
ST. 3-UA.1 In sales A 
ST.4-UA.1 In conservation A 
T.UA.2 Quantitative expression of attainable 
energy savings (experimentation) 10 
ST.1-UA.2 In agricultural establishments a 
ST.2-UA.2 In transformation processes A 
ST.3-UA.2 In sales A 
ST.4-UA.2 In conservation A 
ST.5-UA.2 Genetic and physiological improvement B--A 
T.UA.3 Definition and optimization of 
integrated systems A--S 3.5 
Grand Total 15 


1.6. Responsibility 
t is believed that the CNR should be responsible for coordinating these research 
activities. 


Chapter 2. Civilian Uses and Housing Construction (UC) 
2.1. Premise 


The PEN provides a saving of 5.0 Mtep for the decade 1981-1990 in the final con- 
sumption of energy in the form of low-temperature heat, 1.2 Mtep for medium- 
temperature heat, 3.3 Mtep for high-temperature heat. Furthermore, 2.1 Mtep in 
savings are planned for necessary electric energy consumption. The first of these 
objectives primarily involves housing construction, the second and third primarily 
involves industry, while the last one is distributed among industry and civilian 
consumption (in other words, once again housing). 


This involves a grand total of 15.1 Mtep, equivalent to 20 Mtep from primary sources; 
this is certainly not a negligible objective and it docs require significant sup- 
portive research activities. 

In this chapter we will also consider industrial buildings. 

2.2. State of the Art 


2.1.1 Principal Operators 


Right now, the promotion, financing, and coordination of research in this sector 
are the responsibility of the CNR which has been working through the PFE, in 
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cooperation with the university institutes, the government economic agencies (ENEL), 
industrial establishments with state participation (ENI, IRI) and industry establish- 
ments with private capital (FIAT, Zanussi, Montedison, etc.). 


2.2.2. Activities in Progress 

Research in progress, carried out within the PFE of the CNR, involves the following: 
Experimental and numerical research on existing building systems; 

Statistical surveys on the thermal situation regarding building heat in Italy; 
Experimental research on energy savings in plants for the production of hot water; 


Research on methodologies of calculation and simulation for newly constructed 
buildings; 


Weather data processing; 

Research on components; 

Research on the construction process. 
2.3. Internationai Trend 


The international trends inthe sector are difficult to summarize in view of the 
multiplicity of points involved and the programs. 


We may however note that, on the level of the IAEA, a series of implementation 
agreements is now in progress and these are rather indicative in this connection. 
They involve the energy analysis of residential and commercial buildings, energy 
measures involving commercial buildings, studies on ventilation, research on heat 
pumps, plan for new residential systems, and checking out pilot solutions. 


In addition to the points already mentioned, particular importance is being assigned 
in the EEC countries to research on new insulation techniques and materials, the 
development of high-yield boilers, the combined production of electric energy and 
heat on a small scale. 


2.4. RS & D Development Lines 
2.4.1. Choice Criteria 


In spelling out the priority research and development lines, consideration was given 
to the already mentioned objectives stated in the PEN. 


However, since research and development activities are destined to influence energy 
policies beyond this decade, the objective of a further energy savings of 8-10 Mtep 
Mtep/yr by the end of the century was considered quite realistic. Such an objective 
calls for further reductions in Italy's annual foreign-exchange outgo which comes 

to 2-2.5 trillion lire (at current crude costs) and even greater savings for the 
final user. 
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In this field, investments are very heavy while savings materialize only during 

a certain portion of the year so that the economic return is slow. Research 
activities therefore are essential in order better to identify the current solutions 
under the various conditions of typology and weather, as well as of course for the 
development of technologies, which are most promising from the economic angle. 


The research efforts must be accompanied by a sustained program of incentives for 
the diffusion of already ripe solutions, including the investments provided for in 
the PEN. 


2.4.2. Proposed Research Topics 
T.UC.1. Energy savings in buildings (residential and tertiary sector). 


St. 1--Energy analysis of construction and management process involved in buildings 
(A), 

St. 2--Characteristics of newly-designed buildings, 

St. 2/1-- Passive architecture (A--S--D), 

St. 2/2--Plants (A--S--D), 

St. 2/3--Regulation and control systems (A--S); 

St. 3--Energy restoration of existing buildings, 

St. 3/l--External and internal insulation (A), 

St. 3/2--Conventional and unconventional systems (A), 

St. 3/3--Regulation and control systems (A); 

St. 4--Systems and instruments for capillary management of energy (A); 

St. 5--Lighting technology studies (A); 

St. 6--Holding electric energy consumption down (lighting and electrical household 
appliances) (A); 

St. 7--Infiltration, air exchange, and mechanical ventilation (B--A) ; 

St. 8--Development of advanced plant components (A--S). 


T.UC.2. Energy savings in industrial buildings. 
St. l--Energy analysis of building construction and management process (A); 
St. 2--Development of building insulation technologies and components (S); 


St. 3--Energy optimization of systems combining building and air conditioning 
plants (A). 


2.5. Expenditure Estimates 


The expenditures estimated for this sector come to 250 billion lire and are shown 
in detail in Table UC. 


The industrial contribution will be limited substantially and will not be more than 
10 percent. 


2.6. Responsibility anda Special Steps 


Considering the recent resolution of the CIPE on the role of the CNEN and the 
experience acquired by the CNR within the PFE, the responsibility for research 
efforts should be assigned to the two agencies with the following subdivision: 








Applied research under the responsibility of the CNR; 
Development research and demonstration under the responsibility of the CNEN. 


The CNR will mostly have to use the competence developed in the universities and its 
own research agencies; the CNEN will have to use mostly contributions for the 
industrial establishments in the sector, from the public structures involved (IACP), 
from builders and from housing construction cooperatives, of course in addition to 
its own. 


The task of providing the link between field activities and the CER [Residential 
Housing Construction Committee] is to be handled, by law, by the CNR regarding 
standards. The allocation of funds provided fcr under Law 457 is considered a 
priority matter although it is within the industrial requests included here. 


Finally, as we noted in Chapter 1, Part III, it is necessary to boost the existing 
services and possibly to create new ones for the handling of data banks. 


Table UC. Compilation of Proposed Research Topics in the Sector of “Civilian Uses 
and Housing" (UC) and Pertinent Expenditure Estimates (Billions of Lire) 


Code Topics and Subtopics, Actions Type of Expenditure 
Research 
T.UC.1 Energy savings in buildings 
(residential and tertiary) 200 
ST.1-UC.1 Energy analysis of construction 
and management process A 
ST.2-UC.1 Newly-designed buildings 
ST.2/1-UC.1 Passive architecture A--S--D 
ST.2/2-UC.1 Systems [plants] A--S--D 
ST.2/3-UC.1 Regulation and control systems A--S 
ST. 3-U.1 Existing buildings 
ST.3/1-UC.1 Insulation A 
ST.3/2-UC.1 Plants A 
ST.3/3-UC.1 Regulation and control systems A 
ST.4-UC.1 Capillary management systems and 
instruments A 
ST.5-U.1 Lighting technique studies A 
ST.6-UC.1 Holding electric power consump- 
tion down A 
ST.7-UC.1 Infiltration, etc. B--A 
ST.8-UC.1 Development of advanced plant 
components A--S 
T.UC.2 Energy savings in buildings (industry) 50 
ST.1-UC.2 Energy analysis of construction 
and management process A 
ST.2-UC.2 Development of insulation technologies S 
ST.3-UC.2 Optimization of building-plant 
systems A 
Grand total 250 
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Chapter 3. Industrial Uses (UI) 
3.1. Premise 


As we reported in the preceding chapter, the share of energy savings, which the 
PEN hopes to get from industry, is something like 1 Mtep, equivalent to about 50 
percent of the total. 


In this sector, efforts undertaken can produce considerable results in a shorter 
time than in connection with the other civilian uses but the variety of aspects of 
the problem initially means that RS & D activities must be very well developed and 
must be considerably differentiated in relation to the various industrial typologies. 


.2. State of the Art 


lw 


Py ae © Principal Operators 


During the 5-year period of 1976-1980, the CNR operated in this field in a rather 
limited manner (PFE) with the cooperation of public and private industry. 


Fires Activities in Progress 


Studies were conducted within the PFE of the CNR pertaining to the rationalization 
of some production processes with the cooperation of domestic industry (FIAT 
engineering, FIAT Research Center, Ansaldo, AMN). 


The expenditure commitment never exceeded several hundreds of millions per year. 


Other CNR activities that can be included in an industrial rationalization program 
involve heat pumps and combustion processes. 


The CNEN only recently launched specific activities in the energy savings sector 
in industry through two main lines: 


Diffusion of techniques already ripe in medium and small enterprises, training of 
energy experts, energy surveys, demonstration efforts; 


Development of savings technologies in the industrial sector through new products 
and/or the adaptation of existing ones to the various types of uses. 


[he development sectors include the following: joint generation on a small and 
medium scale, heat pumps for various applications, recovery of process fluids, 
low energy consumption processes. 


It should be noted in each case that research efforts have already been pursued 
autonomously by industrial establishments especially in the "intensive energy" 
sector. The diffusion of applications was slowed down by the shortage of funds 
for this specific service. 
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3.3. International Trends 


On an international scale likewise, activities in this field reveal rather serious 
delays, as pointed out on repeated occasions also in official reports, for example, 
the annual reports of the IEA. 


On the other hand, it is difficult to survey and correctly group activities which 
often are involved in the normal routine of industrial innovation. Within these 
limitations we can say that, in the EEC countries, the prevailing activities in- 
volve the analytical study of energy flow, heat exchange, heat generation (high- 
yield boilers), optimization of processes, and development of new production pro- 
cesses, 


3.4. RS & D Development Lines 
3.4.1. Choice Criteria 


in spelling out the priority research directions, we based ourselves on the objec- 
tives furnished by the PEN and on the realization that, by 1990, we would have to 
achieve an energy saving in industry on the order of 10 Mtep/yr. This would make 

it possible to save something like 2.3 trillion lire per year at 1981 prices and 

it would make Italian industry and products competitive; this is necessary to pre- 
serve and improve Italy's position within the international division of labor setup. 
Moreover in this sector, the return on investments is fast; hence, the possibilities 
of applying research results is great, considering higher utilization factors when 
compared to those we get in connection with other uses, plus an increased inclina- 
tion toward deciding upon new investments with a deferred return on the basis of 
cost-benefit studies. 


3.4.2. Research Topics Proposed 


T.UL.1. Experimentation activities in the field of information and training, 
initially in support of small and medium industry. 


St. l--Perfection of methodologies for energy review (energy audits) (A); 


St. 2--Analytical studies on energy balance sheets and flow in production processes 


(A). 


T.UI.2. Survey activities pertaining to innovative processes and/or technologies 
and/or modifications of existing methods in high energy intensity sectors (metal- 
lurgy, chemistry, steel industry, cement industry, paper and cardboard industry, 
food industry, etc.). 


St. l--New Processes and/or technologies, 

St. 1/l--Heavy fraction ethylene (A--S), 

St. 1/2--Improvement of electrolytic processes (S), 

St. 1/3--Combination of endothermal and exothermal processes (A--S) ; 


St. 2--Modification of existing methods (A--S) ; 











St. 3--Reduction of materials in products (A--S); 
St. 4--Products oriented toward recycling (A); 


T.UL.3. R & D activities on subsystems and components. 


St. l--Recovery exchangers (A); 

St. 2--Automation of processes (A); 

St. 3--Recovery with organic fluids (A--S) ; 

St. 4--Industrial heat pump (A--S); 

St. 5--Industrial joint generation systems (A--S) ; 

St. 6--Low-consumption components (A--S); 

St. 7--Study of correlation between energy consumption, microclimate, and quality 
of work environment (A). 


T.UL.4. Analysis of economic and organizational consequences of various types of 
action on national level (A). 


3.5. Expenditure Estimates 


Regarding the activity areas essentially earmarked for sectors where the energy 
intensity is not high and where we are dealing with a situation of generalized 
use, we will need 200 billions. 


For specific processes of industries with high energy intensity we estimate 200 
billions for the initial effort compatible with the objectives of the PNRE; but they 
will be examined in the individual sector plans for the industrial compartments 
involved (metallurgy, chemistry, steel, etc.). Some special actions however may 

be evaluated in the context of ad-hoc programs (Law 675) and/or within community 
efforts. 


Overall, the expenditure estimates come to 400 billion lire (Table Ul). 
3.6. Responsibility 


Given the characteristics of the sector and the peculiar nature of proposed actions, 
we can identify the following responsibilities: 


The CNR is to be responsible for applied research activities; 


The CNEN is to be responsible for development and experimentation activities, 
with the exception of the portion pertaining to the final uses of electrical energy, 
for which the ENEL must be responsible; 


The category association and the special agencies (IASM, FORMEZ, etc.) for the 
link between CNR, CNEN, INEL, and the various production situations; 


The industrial groups should be responsible for activities in sectors with high 
energy intensity. 


It is furthermore believed that it is urgent to pass the horizontal plan on energy 
savings provided for in Law 675 and that special research, development, and demon- 
stration projects be identified in the context of the new measures to be taken for 
the South. 
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Finally, we must speed up the passage of Bill 655. 


Table UI. 
(UI) and Pertinent Expenditure Estimates (Billions of Lire) 


Code 


r.UI.1 


St.1-Ul. 


lo Ww Ww WW W WwW 


1 


Mm ho 


ho 


Topics and Subtopics 


Experimentation activities (infor- 
mation and production) 
Perfection of review [audit] 
methodologies 
Energy balance sheets and flow 
Innovative technology processes 
and/or modification of existing 
processes (sectors with high 
energy intensity) 
New processes and technologies 
Heavy fraction ethylene 
Improvements of electrolytic 
processes 
Combination of endothermal and 
exothermal processes 
Modification of existing methods 
Reduction of materials 
Products aimed at recycling 
R & D activities on subsystems 
and components 
Recovery exchangers 
Process automation 
Recovery with organic fluids 
Industrial heat pumps 
Industrial joint generation systems 
Low-consumption components 
Correlation between consumption, 
microclimate, and environmental 
quality 
Analysis of economic and organiza- 
tional consequences 

Grand Total 
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Compilation of Proposed Research Topics in "Industrial Use" Sector 


Type of Expenditure 
Research 
30 
A 
A 
200 
A--S 
Ss 
A--S 
A--S 
A 
A 
160 
A 
A 
A--S 
A--S 
A--S 
A--S 
A 
A 10 
400 





More on Final Uses 
Rome RASSEGNA PETROLIFERA in Italian 24 Jul 81 pp 606-611 
[Text] Section B, Part IV. Final Uses 


Chapter 4. Uses in Transportation (UT) 


Energy is used in a large volume in the highway, railroad, maritime and air trans- 
portation sectors. Each of these sectors represents a special problem complex quite 
diverse in terms of quality and quantity from the others. It is therefore necessary 
to take up this matter in a separate fashion for each sector. 


4.2. (S). Highway Transportation 
4.1. (S). Premise 


Here we are going to take up the problems of research and innovation which are con- 
nected with the improvement of the highway transportation system and its continuous 
adaptation to the changing and unforeseeable energy conditicnrs surrounding it. 
Special importance will be assigned to an examination of the entire transformation 
chain extending from energy deriving from primary sources (petroleum and alternate 
sources) all the way to the wheels of vehicles on highways. 


rr} 


urthermore, since energy consumption in the use of transportation equipment is 
far greater than consumption connected with the manufacturing process, greater 
emphasis was given to research topics concerned with the design of vehicles them- 
selves, rather than the accessories and the production methods; among the latter 
we essentially took up problems of adaptation to the new requirements which will 
come up over the next several years as a direct consequence of innovations in the 
product itself in terms of alternate materials utilization. 


4.2. (S). State of the Art 
4.2.1. (S). Principal Operators 


The major portion of research activities conducted in Italy has been involving and 
is involving the huge industrial complexes of the FIAT, Alfa Romeo, and ENI groups, 
etc. These have been using and still are using the cooperation of university re- 
search facilities, both domestic (CNPM in Milan, the Motor Institute of Naples, 

the polytechnical schools of Milan and Turin, the CSM, etc.), and foreign ones. 
Although limited to some research topics, cooperation between industry and the 
universities was considerably increased under the PFE of the CNR which, among other 
things, had the job of preparing a census of human resources and equipment avail- 
able today in Italy for this research area. 


Research groups made up of several companies have also been working, although with 
some difficulty, above all in the fuel fields (FEEMAS), sometimes in conjunction 
with similar groups consisting of international members. 
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In the tire field, considerabie activities are underway on the international level 
through Pirelli. In the Turin area we have many scientific and technological centers 
under important companies (Pininfarina, Italdesign, SIRP, RTM, etc.); they normally 
develop projects on a commission basis for the big industrial enterprises, including 
foreign ones. Just recently, study groups were set up to work on vehicles, in- 
dustrial establishments, and companies of various origin. such as Ansaldo, ENEL, 

, in conjunction with new research topics on alternate propulsion systems (elec- 
rical and hybrid). 


etc. 


1 


It should be noted however that the basic technologies involved in the vehicle 
sector are extremely numerous and also varied widely among each other since there 
are many different subsystems and components making up a vehicle (car, bus, indus- 
trial vehicles); this is why research activities related to this technology are 
distributed over numerous industrial establishments which, together, constitute a 
fundamental element for the development and competitiveness of the vehicle sector. 


Recently, the regional and national entities charged with preparing systems for 
he highway infrastructure on the territory of the country have gone into research 
activities in cooperation with the research institutes of the CNR and the indus- 
trial establishments in order to tackle the problem of mobility above all in the 
urban areas, exploring improvement solutions both in terms of viability plans and 
through the utilization of systems for traffic control. 


4,2.2. (S). Activities in Progress 


Let us present a summary listing of research projects in progress in the principal 
automotive vehicle industry establishments and let us ¢ © p them by technological 
directions. The need for all of them to be competitiv a market of international 
dimensions which is in a process of rapid homogenizati i necessitates the adoption 
of research lines which are very similar to each other. 


The main topic groups can be subdivided as follows: 
(a) Engine propulsion system 


Reduction in fuel consumption and chemical and noise pollution through redesign of 
current engines and transmissions without making any major modifications in the 
production equipment (for example, shape of combustion chamber, electronic control 
of combustion, improvement of organic yield from lubricants, etc.); 


Basic studies on new internal reciprocating combustion engines and diesel engines 
to spell out their maximum yields and their adaptability to alternate fuels (com- 
bustion model making, experimental tests also on entire vehicle fleets); 


Practical application studies on supercharging, particularly for diesel engines, 
to increase the power density and the output together with an effort to hold con- 
sumption down and to reduce gaseous and noise pollution; 


Development of modular engines with dividing up of active cylinders as a function 
of the vehicle's gear speed requirements. 
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Basic study on continuing feats with possibility of electronic regulation (con- 


struction of prototypes and experimentation on small series, for example, FIAT 
Ritmo, etc... . 


(b) Body and Components 


Redesign of structure and of various subcomponents to reduce the weight, without 
drastic modifications in production equipment. 


Practical application studies for new materials for nonstructural parts (plastic 
parts) and to lighten mechanical and structural members (Al and Mg alloys); 


Diagnostic procedures on cars to improve active safety, comfort, and maintenance 
methods. 


(c) Tires 

Reduction of wear and tear due to rolling motion so as to improve consumption; 
Productive life [tire life]; 

Alternate materials in mixtures to reduce energy contents in production. 

(d) Alternate Propulsion Systems 


Totally electrical traction for urban commercial vehicles, with batteries in vehicle 
and energy recovery during braking. 


4.3. (SS). Internationil Trends 


The automotive industry and particularly the auto industry as such quite some time 
ago took such dimensions that it could pursue its strategy lines only in an in- 
ternational context. As a matter of fact, for industries of such dimensions, it 
is no longer conceivable to operate both technologically and economicaily in an 
exclusively national framework. 


For quite some time now therefore engineers have been comparing their own research 
lines in the international field (congresses, research agreements, etc.). The same 
thing was not done with respect to economic policy and standardization pursuits, 
with subsequently negative effects on the competitiveness of Italian industry which 
had to operate in a social economic context that was less favorable than that in the 
industrially more advanced countries. 


The international trends in this sector, regarding technology, coincide with the 
research directions spelled out in Italy since they are drafted together and in 
synchronism. 


In comparison to other industrialized countries we must however consider the dimen- 
sion of financial resources devoted to the research and development program and the 
action time frame for such programs. As a matter of fact, compared to the tremen- 

dous subsidies which the governments of the United States, Japan, France, and 
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Germany have for a number of years been giving to industries in this sector (which 
here is viewed in terms of all of its aspects, such as vehicles, components, ma~ 
terials, fuels, etc.), along action lines aimed at increasing their competitiveness 
and hence defending an industrial sector of fundamental importance, similar 
initiatives in Italy in the past were modest and the premises for launching major 
and incisive efforts were created only recently. 


Starting therefore with the observation of a certain delay on the part of the public 
~perator and considering that it will be difficult in Italy to attain financial in- 
terverition levels comparable to those of the more advanced countries, it appears 
inevitable that we must concentrate our research and development efforts on a limited 
number of activity fields which for the most part will be centering around the 
vehicle itself (design and processes plus production technologies). 


faking into account all of this, it will be necessary to finance the R & D programs 
on a priority basis with a view to the innovation of the vehicle and its components, 
as well as the connected technologies and processes, in order to develop all of 

the competence necessary in the domestic industry so as to design and build new 
vehicles with competitive features. 


4.4, (S). RS & D Development Lines 
4.4.1. (S). Choice Criteria 


To define the research topics and their priorities we must consider the many factors 
which influence the automotive vehicle industry in relation to the energy crisis 
which began in 1973 and as a consequence of the difficulties on the world market 
which is affected by saturation phenomena in the industrialized countries, phenomena 
which are not sufficiently compensated by the increase in the demand of the develop- 
ing countries. 


We can substantially indicate the following points as being the most important in 
channeling research activities since they summarize the requirements connected with 
the foreseeable technical evolution and since they spring from market requirements: 


Energy consumption of vehicles and, in long-range terms, their adjustment to possible 
alternate energy sources; 


Utilization of materials other than those currently used to reduce energy consumption 
(that is, transformation energy and energy used in means of transportation, including 
the reduction in the weight) and/or for ecological and supply reasons; 


Need to get into the production process as such for technical reasons to promote 
idjustment to the development of the product as such and to hold down and/or reduce 
production costs, at the same time, in a compatible manner, keeping up with the 
esrowing requirements aimed at promoting a change in the work environment to be pursued 
also through the adjustment of profes: ‘onal standards and skills to the changed and 
more complex working conditions; 


Ever more widespread adoption of laws to control the complex phenomena of pollution 
and to improve the quality of life above all in metropolitan areas. 
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It follows from this that, on the basis of the points mentioned above and for the 
-onsiderations stated in the preceding point, the research lines along which our 
resources should be channeled will have to be oriented toward the development of 
competence and capacities connected with "integrated planning" of the vehicle as a 
whole, in other words, as a system, as well as its components, and the perfection 

of related production technologies. It will therefore be a good idea to push the 
commitment toward activities of a system type, at the same time concerning ourselves 


with promoting the training of highly skilled personnel to the maximum degree. 





4.4.2. (S). Research Topics 


UT. (S).1. Reduction in vehicle consumption. 

St.1.--Reduction in weight (A); 

St. 2--Improvement in overall ergine output (A); 

St. 3--Uptimized fuels (A); 

St. 4--Improvement in engine transmission (A); 

St. 5--Improvement in mechanical yield and reduction in motion resistance (A); 
St. 6--Proportioning the vehicle system and its parts (A). 


r.UT. (S).2. New types of thermal engines supplied with alternate fuels. 
St. l--Innovative fuels (A); 
St. 2--Studies on combustion processes and on thermodynamic cycles (B--A) ; 


St. 3--Innovative motors and electronic control (S). 


r.UT. (S).3. New materials for automotive vehicles (lighter weight). 
St. l--New metallic materials for structural elements (design and production) (A); 


St. 2=--New reinforced plastic materials (design and production) (A); 
st. 3--Materials for high temperatures (B--A). 


UT. (S).4. Development of electrical highway traction. 
St. 1--Electrical vehicles for commercial urban use (S); 
St. 2--New bimodal vehicles (thermal traction and electrical traction) for urban 
i suburban use (S); 
St. 3--New transportation systems (A); 
St. 4--New batteries (A). 


r.UT. (S).5. Development of information science and infrastructure. 
St. l--Reduction in mobility needs (A); 
St. 2--Traffic control (A). 


1.5. (S). Expenditure Estimates 


[he expenditure estimates, detailed by topics, are given in Table UT (S) [please 
see last installment]. 


[hey amount to a total ol 270 billion lire. The public financing share is about 


65 percent. 
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4.6 (S). Responsibility and Special Measures 


The program outlined in the preceding point represents a rather respectable objec- 
tive. 


in particular, recent activities carried out within the Final Project of the CNR 

on Energy and Transportation and those pertaining to feasibility studies prepared in 
relation to other public funding to finance RS [Research and Development] (IMI 
[Italian Credit Institute], EEC) evidenced the existence of a certain shortage of 
funds available today in Italy for research on highway transportation, both in 
industry and in the university institutes. 


[In summary, there are few researchers who are prepared for this kind of research 
work, especially not in coordination with activities to be carried out in several 
specialized laboratories; the available equipment is also modest particularly 
regarding the university institutes. 


(he universities furthermore do not seem to be able in a short time to train new 
researchers who most often require long periods of training in industry before they 
can get into real research activities. 


Right now, only industry has the kind of knowledge needed to define the present 
Situation and the best research lines of the future and this is also due to the 
international dimensions that characterizes the "automotive vehicle" as a product. 


A distribution of responsibilities for the implementation of programs outlined in 
keeping with the current situation of technical and scientific competence therefore 
would look something like this: 


Research projects pertaining to engine and vehicle prototypes would have to be 
assigned to industry establishments as the main contractors; the various research 
institutes and universities could participate in this work as subcontractors; 


Research projects relative to medium-term basic scientific exploration should be 
agreed upon between the CNR, industry, the university and research irstitutes, and 
should be assigned to the latter as main contractors. 


At the same time the following actions appear necessary: 


Preparation of an "ad-hoc" plan to improve research equipment, especially for medium- 
range basic research, at the university institutes; 


Definition of a policy to recruit new personnel, including the recall to Italy of 
skilled researchers and the training of new human resources, both in the university 
institutes and among industry; it would be necessary to study timely incentives 
both on the professional level and on the economic level; 


Promotion of a certain degree of research personnel mobility between industry and 
the universities to promote the right kind of exchange of professional experience; 
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Giving personnel with a high scientific level, who came up through the ranks in the 
factories and universities, an opportunity for cross- training; the award of such 
titles as "outside consultant" to university professors and "acting professor’ to 
managers from industry or some such titles could for example be a part of the train- 
ing effort not only during the last years of academic education but also during 
post-graduate specialized training courses; 


Promotion and support for the establishment of research centers also in small di- 
mensions with the participation of foreign organizations in order to establish 
centers of exchange on an international level in Italy; these centers should be 

the place most suited for periodic international congresses, for seminars presenting 
reports on special research areas of specific interest. 

4, (F). Railroad Transportation 


4.1.(F). Premise 


The following considerations concern railroad transportation, both long-distance 
and suburban or metropolitan, with particular emphasis on electric traction. 


This orientation is justified by the fact that, in the railroad transportation 
field managed by the State Railroads, about 92 percent of the passenger and freight 
traffic volume is moved by electrical traction and the same can be said about the 
rail networks operated on a concession basis. 
On the other hand, the transportation sector consumes 17 percent of the primary 
consumption volume (1979 data) and of that figure only 4 percent (in other words, 
0.68 percent of the total consumption volume) consist of consumption for railroad 
transportation as a whole (electrical operation, diesel, and steam). 

.2. (F). State of the Art 
4.2.1. (F). Principal Operators 


(a) Executive Agencies 


In addition to the State Railroads we must consider some of the electrified communal 
transportation companies and railroads operated on a concession basis. 


(b) Railroad Equipment Builders and Other Outfits 


Ministry of sranepersarsoe (FS [State Railroads] Company, material and fraction 
service, electrical plant service, experimental institute) ; 


EFIM [Manufacturing Industry Holding and Financial Company]-BREDA Railroads, 
composite materials center, Augusta Group, Ligit Metal Institute (Alumental) con- 
cerning technologies involved in the use of light alloys and composite materials; 


FIAT Research Center; 


FIAT, products sectors and railroad systems; 
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ANSALDO Grouping concerning on-board propulsion equipment and auxiliary services; 
electrification and power supply plants for contact lines; signal systems, control 
systems, traffic automation and optimization; 


Ercole Marelli and Tecnomasio Italiano Brown Boveri, above all for on-board equip- 
ment; 


CSST (Transportation Systems Study Center), Rome; 

CESIT (Mass Transportation Systems Study and Research Center), Naples. 
To these operators we must finally ad‘ some university institutes. 
Sclede (F). Activities in Progress 


Generally, the current RS & D activities in the railroad field are capable of yield- 
ing by no means negligible results in terms of holding electric energy consumption 
down although they are not aimed at energy savings objectives. We are talking 

here particularly about activities involving the following: 


a. l. Analysis and planning of transportation, control, and traffic management 
syst 


a. 2. Reduction of traction work through maximum reduction in weight of rolling 
stock and reduction in resistance to motion through the design of new types of 
railroad cars with aerodynamic shapes. 


a. 3. Studies and practical applications aimed at energy recovery to be pursued 
not only in facilities currently in operation but also in those which will be put 
up in the future and whose objectives will be the traction system, the power supply 
system on the ground, and optimization of the power supply network. 


The research to which point a. 1 can give rise for savings purposes already in 
short-range terms will produce further results in medium and long-range terms. 


Studies in this sector were started by various operators. In particular, the CNR 
has been working in the mechanical energy recovery sector, although not specifically 
in the railroad field. 


4,3. (F). International Trends 


In the context of the effort to lighten rolling stock, the status of knowledge 
abroad is practically comparable to the Italian status and is aimed at the study 
and construction of light-alloyed structures for cars destined for the metropolitan 
and suburban networks and high-strength or inoxidable steel structures for the 
railroad cars properly speaking; this orientation can also be detected in France, 
Switzerland, Germany, and Great Britain. We think that the results obtained in 

the complete railroad car with all of the necessary equipment and accessories can 
be further and considerably improved. 
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Concerning energy recovery, this is being done on a broad scale in the single-phase 
electrified network, both with an industrial frequency (50 Hz) and on a railroad 
frequency (16-2/3 Hz); this is being done with traditional equipment and with more 
modern electronic equipment. 


In the standardized DC network, there is no recovery, with the exception of the 
most recent projects (some of which are still in progress) involving subways, for 
example, in Sao Paulo, Rio de Janeiro, and Caracas. 


In the latter case, informed engineers expect that during braking, we can recover at 
least 75 percent of the train's kinetic energy for braking speeds betweer. 80 and 60 
km/hr. 


4.4. (F). RS & D Development Lines 
4.4.1. (F). Choice Criteria 


The trend in the international field toward growing attention to more efficient use 
of energy in the railroad sector makes it appear to be a good idea in Italy likewise 
to launch research programs aimed in that direction. 


These programs however will be inserted into development programs already in pro- 
gress, programs of more general significance and essentially aimed at enabling 
Italian industry to reach the quality levels already attained in other countries. 


This requirement is particularly strongly felt in the current situation where we 

are witnessing a revival of wheeled transportation on an international scale which, 
among other things, opens up export prospects of considerable interest to Italian 
industry. 

Concerning the repercusions which the energy research lines proposed here can have 
on energy consumption in Italy, it must be kept in mind that consumption in the 
railroad transportation sector represents only 0.68 percent of the total consumption 
volume nationwide. 


Consequently, energy savings, which would also be noticeable in this sector, can 
have little effect on holding the country's total consumption down. 


In spite of this, the research proposals advanced here appear to be worthwhile also 
from the angle of energy savings since the savings objectives, which seem possible 
in this way, are certainly not negligible in terms of absolute values. 


4, (A). Air Transport 
4.1. (A). Premise 


[he following concerns activities in the aviation field which have the effect of 


. 


holding energy consumption in the air transport system down. 


More specifically, the activities--in addition to the improvement energy efficiency 
in air transport equipment--also involve the optimization of management aspects 
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for airport infrastructure facilities and line services since in this way it is 
believed that we can achieve by no means negligible energy savings. 


On the other hand we did rot consider the R & D activities pertaining to the intro- i 
duction--into the infrastructure facilities and into airport establishments as such 

--of low energy consumption design solutions, nor did we consider systems which 

use renewable energy because they more properly concern research areas covered 

under other chapters in this PNRE. 


It must also be noted that we did not take into consideration those R & D activities 
which spring from and are justified within the specific area of military programs 

in view of the significance and different approach which energy problems assume 

and require in the military field. 


4.2. (A). State of the Art 
.2.1. (A). Principal Operators 


Research activities, both basic and applied, are being carried out in Italy by a 
complex of centers, institutes, and laboratories under the CNR, the Defense Ministry, 
the universities and the major public and private companies operating in this field. 
Italy on the other hand does not have a research agency whose functions and acti- 
rities can be compared to those in countries that have a significant aviation 
industry and that have public research centers or centers supported by public capi- 
tal (such as NASAin the United States, RAE in Great Britain, ONERA [National Office 


for Aerospace Studies and Research], and NLR in Holland). 


Investments for research--which are not easily identifiable in overall terms 
because of the way they are scattered--are being made essentially by the CNR, the 
Defense Ministry, and the public and private companies operating in this field 
(Aeritalia, EFIM-August Group, Alfa Romeo, FIAT AVIO, AVIO, etc.). 


Concerning personnel employed in ~=search activities, excluding the Italian Air Force 
and taking into account only personnel employed by government agencies and by public 
and private companies, we estimate that the figure comes to around 4,000 persons. 


In the field of research and studies dealing with aspects of a management and organ- 
izational character for the air transport system, we not only have the Ministry of 
Transportation and the Ministry of Defense but also Alitalia concerning the optimiza- 
tion of air transport services, and the airport management companies (Italaeroport 
and SEA). Various other scientific establishments are operating in support of this 
effort mostly on the university level and scattered throughout Italy. 


"> 


4.2.2. (A). Activities in Progress 
In an initial analysis we can essentially identify the following research areas: 
(1) Management aspects on the infrastructure and service levei, both on the ground 


and in flight. This first research area can be broken down into the following 
topics: 
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(a) Airport infrastructure, which here means movement areas (runways, taxiways and 
parking areas, aprons); infrastructure facilities for internal services within the 
particular air facility as well as those used for passenger and freight traffic. 


(b) Planning of flight services, in other words, the establishment of an organiza- 
tional struc.ure for in-flight services permitting the optimup adjustment of the 
transportation demand to the supply with the subsequent improvement of aircraft 
utilization coefficierts. This topic interacts with the airport infrastructure 
components and with the facilities and procedures for in-flight assistance [flight 
safetv, flight control], as well as the configuration of the airport network as a 
whole in conjunction with the territory as such. 


The procedure for optimizing services on the various national and international 
levels furthermore involves all of the production factors engaged in the develop- 
ment of services, such as equipment, personnel, and production organization as 
well as the structure of the airport network. 


(IL) Industrial Aspects 


This area essentially involves those research topics which can deal with aircraft 
in their various structural components, such as materials used, engines, components 
and systems, fuel, as well as aircraft design aspects as such. 


It must as a matter of fact constantly be kept in mind that there is a need for 
shifting the country's production efforts toward products with a more advanced 
technological content while at this time Italian exports center around traditional 
products which are quickly rendered noncompetitive due to manpower costs. 


In pursuing the objectives necessarily springing from the energy crisis, the 
aviation industry can carry out a technology promotion effort thus producing a 
‘allout for other industries (transportation in general, electronics, materials, 
etc.). 


Research in this aea is not only required in the light of the energy crisis but 
is also necessary <0 be able to participate in international cooperation which can 
satisfy a market such as the aviation industry market (aircraft, engines, and 


equipment). 
4.3. (A). International Tendency 


The increase in petroleum prices had a major impact on the process of aircraft 
development for civilian uses. 


Civil aviation as a matter of fact over the next several years will be facing ever 
greater difficulties in terms of costs and difficulties in terms of fuel supply also 


do to the fact that fuel of petroleum origin will continue to remain the most im- 
portant fuel in the air transport sector. 


This has brought about a real "reawakening of the evolution of the commercial 
aircraft" which had remained almost stagnant for the past several years. 
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This, for example, has led to the introduction, at the end of the seventies, of so- 
called "wide-body" aircraft which combines the better yield from the new engines 

with a slight reduction in cruising speed and a noticeable increase in transportation 
capacity. 


The attention given to the aspects of energy savings involve not only the techno- 
logical evolution of the aircraft as such but also of the infrastructure facilities 
and the organizational development of the entire air transportation system so as 

to prevent the loss--by a different route--of the energy efficiency gains which can 
be obtained from aircraft. 


More specifically, with reference to the development of aircraft, the R & D activi- 
ties of the major aviation industry establishments essentially involve the following 
areas: 


Aerodynamics 

Adoption of supercritical wings for high-speed subsonic aircraft; 

Control of laminar flow on wing surfaces and tail assembly surfaces and adoption 
of increased-lift flaps (flowing and aspiration) with an efficiency improvement 


estimated at something like 20 percent; 


Adoption, for helicopters, of blades with advanced aerodynamic profiles and improve- 
ment regarding aerodynamic resistance; 


Definition and optimization of yields of various components and engines; definitions 
of temperature profiles in relation to materials adopted. 


Materials and Systems 


Use of superalloys with increases in the quality coefficient of between 5 and 15 
percent; 


Wide-spread use of composite materials with a plastic matrix (carbon fibers, kevlar, 
boron, beryllium, steel) both in secondary and primary structures, in the fixed- 
wing and helicopter fields, with an empty weight gain of 5-15 percent, equivalent 

to an energy improvement of 5-6 percent; 


Improvement in characteristics of ceramic materials (synthesized silicone carbide) 
for turbine vane [blade] and nozzles; 


Improvement of manufacturing technologies, of structural glueing, and of welding 
with obvious repe ;cussions on weight reduction. 


Power Plant 
Modified versions of current engines, with weight and thermal output changes, in 


short-range terms already allow us to look forward to general improvements in energy 
efficiency of 10-15 percent; 














Further improvements in specific consumption (5-10 percent) are expected for 
engines with new aerodynamic design of higher-yield components; 


Improvements in efficiency are also anticipated in the turbofan area (5-10 percent) 
and subsonic turboprop engines (10-15 percent). 


Equipment 


Regarding equipment items, research in progress points te the introduction of high- 
pressure hydraulic starters whose operation will be triggered by electrical signals. 


Use of optical fibers for transmission of signals on board, hence, with the sub- 
sequent reduction of size and weight, plus greater flight safety due to the absence 
of electromagnetic interference. 


Radical simplification and subsequent reduction in weight, with respect to the 
instruments in the cockpit, deriving from the use of integrated digital avionics. 


Concerning management aspects, activities are essentially aimed at better utilization 
of air space and optimization of airport system organization, obviously keeping in 
mind the fact that energy savings constitute one of the many factors involved. 


4.4, (A). RS & D Development Lines 
4.4.1. (A). Choice Criteria 


The research activities which are important in the aviation sector to achieve energy 
savings involve the following areas: 


Analysis and planning of transportation, control, and traffic management systems, 
Research and development of air transport equipment with lower energy consumption. 


Research activities in the first area can in short-range terms be expressed in a 
saving in overall air transport consumption. The attainable saving involves not 
only the operation of the particular aircraft (reduction of waiting time after 
landing, improvement of in-flight procedures, etc.) but also consumption in air- 
port systems (reduction in passenger transfer, rationalization of baggage sorting 
and transportation systems, etc.). 


R & D activities involving aircraft instead have more long-range effects and in 
any case are difficult to estimate regarding the reduction in Italian consumption 
in this sector. 


Their effect as a matter of fact is being measured in the light of what Italian 
industry contributes to the construction of aircraft which constitutes the nation's 
aircraft inventory as a whole. 


It must also be kept in mind that Italian consumption figures include data on the 


aircraft of other nations which make stopovers in Italy while they do not include 
the fuel load taken on abroad by Italian aircraft. 
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R & D activities involving aircraft however are decisive in beosting the Italian 
aviation industry. 


This boost is indispensable to sustain the current growth process in Italian in- 
dustry and to complete its integration with the aircraft industry of the other 
countries through participation in common development programs for new products. 


I~ 


.4.2. (A). Research Topics 


T.UT.(A).1. Air traffic planning and control 

St. l--Rationalization and optimization of airport systems (A); 

St. 2--Rationalization of air space use (A); 

St. 3--Identification of optimum fleets and definition of maintenance procedures (A). 


T.UT.(A).2. Technologies of air transport equipment 
St. 1--Fluid dynamics; 

St. 1/1--Vehicle (A), 

St. 1/2--Engine (A); 

St. 2--Use of fuels with specific additions (A); 

St. 3--Materials; 

St. 3/l--Weight savings with emphasis on output (A), 
St. 3/2--Increase in output (A); 

St. 4--Reduction in specific engine consumption (A) ; 
St. 5--Equipment (A). 


4.5. (a). Expenditure Estimates 


The expenditure estimates broken down by topic are given in Table UT (A) and amount 
to a total of 170 billion lire. 


The public research share comes to 65 percent of the total figure. 
4.6. (A). Responsibility and Special Action 


Concerning management activities, responsibilities will obviously be assigned to 
the airport management companies regarding research in area 1, to the Transpor- 
tation Ministry and the Defense Ministry regarding research in 2, and to Alitalia 
concerning research in area 3. 


The above-mentioned organizations obviously will fall back on the competence exis- 
ting in the university structures and the CNR, as well as in the components and 
systems producing industries. 


In particular we must keep in mind here the research guideline effort to be made by 
the government as such, also in the light of the fact that researcn activities must 
be properly tied in with the investment programs provided for in medium and long- 
range terms regarding the ground facilities. 


We must furthermore stress the particularly important coordinating role already 
played by the CNR through the PFT (Final Transportation Project) and the CTA 
(Air Traffic Control Projects). 
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With reference to the latter, we must determine the advisability of establishing 
a second final project which can adequately develop all of the research approaches 
that emerged in the first one. 


Regarding development activities concerning aircraft (airframe and engines), res- 
ponsibility is obviously held by industry. 


The development factor as a matter of fact, in the aviation field, is an essential 
and decisive phase in any new program since the high degree of dynamics in the 
aviation technology progress in any new program necessitates the introduction of 
innovative technologies as compared to earlier programs. 


As for special actions, the establishment of tuo following two centers is particular- 
ly important in this connection: 


The CIRA (Italian Aerospace Research Center), 
The CSFT (Turbomachine Fluid Dynamics Experimental Center). 


The objective of the CIRA is essentially to contribute to enable the Italian aero- 
space industry, during a reasonable interval of time, to achieve operational parity 
as compared to the other European aerospace countries. 


Investments on the order of 100 billions are estimated for the center, to be made 
over a span of 6 years, and 400 persons are to be assigned to the center's staff. 


The 20 July 1979 CIPE resolution concerning the special applied research project in 
the South called for an allocation of 40 billions for this center to cover the 
first 3-year phase of the program for the establishment of the structure and for 


personnel training. 

Maritime Transportation Policies and Plans 
Rome RASSEGNA PETROLIFERA in Italian 4 Sep 81 pp 650-656 
[Text] 4. (N). Maritime Transport 
4.1 (N). Premise 


The "energy" topic is of particular importance to maritime transportation; 60 per- 
cent of the ship operating costs (excluding depreciation and financing expenditures) 
consist of fuel. 


The shipbuilding industry, which builds engines and even more so the outfitters, 
therefore studied and in part implemented procedures aimed at saving energy. 


Some of these procedures call for considerable technical-scientific progress and 
experimentation with new design and technological solutions which will he spelled out 
in the passages below. 


To present a clear estimate of the cost-benefit ratios connected with energy re- 
search and development activities applied to maritime transportation, we must 


112 











consider two different aspects: energy consumption in the sector and the shipbuilding 
market. 


The improvement in the ship's energy output can become a worthwhile element in sup- 
port of the commercial efforts of the Italian shipbuilding industry which, as we 
know, has for years been operating in a very unfavorable international situation. 


In particular, regarding energy consumption in this sector, we must keep in mind 
that maritime transport presents some evident intrinsic supranatural Vocation": 
while vessels flying the flags of other countries arrive and depart Italian ports, 
Italian ships, for third parties, sail along lines which do not touch any Italian 
port and bunker storage is not subjected to any restrictions or compensation agree- 
ments. With reference to the Italian situation alone, therefore, it is difficult 

to figure out how energy consumption figures for maritime shipments are to be 
spelled out and, regardless of the definition, an estimate here is extremely compli- 
cated. 


Considering the fuel that is annually used in Italy to resupply merchant vessels, 
independently of their flag, and assuming that there were "implicit compensation" 
we can say, in a first approximation, that consumption for maritime shipments in- 
volving the country by way of guidance would account for something 0.5-0.6 Mtep 
or 0.4 percent of the national consumption, out of the total national energy con- 
sumption volume. 


4.2. (N). State of the Art 


Ph 


4.2.1. (N). Principal Operators 


Practically all competence in the matter of shipbuilding is concentrated in the 
IRI-Fincantieri Group through its operational companies, Italcantieri and Cantieri 
Navali Riuniti for the maritime portion and Grandi Motori Trieste for engines. 


In the Fincantieri Group we also have CATENA (Naval Engineering Study Center). And 
then we have various institutes and groups in the CNR. 


4.2.2. (N). Activities in Progress 


The parameters which most directly influence the energy efficiency of ship propulsion 
can be broken down into three major areas: speed, hull and screw, and power plants 


[engines]. 





It is known that the operating speed has a considerable effect on fuel consumption; 
it has been the subject of initial efforts as the cost of bunker oil went up; there 
are somewhat extensive studies which--taking into account the various elements in- 
yolved in the formation of costs in relation to speed--take up the problem of re- 
ducing it so as to minimize the overall operating costs. 


The problem of improving the hull's efficiency in general is not new and significant 
results were achieved over the past decades in this field; here it might suffice 

to recall the wide use, in the most recent construction projects,of bow bulges, of 
hulls with semi-casings, and of large-diameter screws. 
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Finally we must recall the influence, on consumption, of the roughness of the hull; 
+f we have the dimension of a hull we can say that, for a ship which is "well- 
definec" in surface terms (average roughness still around 100 mu), an increase of 
10 mu in the roughness requires an increase in the power output of something like 

l percent to maintain the same speed. Considering this fact and the higher fuel 
cost, careening today is frequently done higher than in the past and so-called 
"self-polishing" varnishes have recently been developed and placed on the market. 


The merchant ship engine situation now is dominated by the diesel engine and to 
explain this widespread use it suffices to recall the low specific consumption and 
the modest variability in this broad range of engine power. 


The ship diesel is already today a very efficient engine; but that does not mean 
that there are not many studies now in progress in this connection regarding the 
diesel engine for other uses (especially automotive uses); there is a significant 
room for innovation here especially regarding the "motor-fuel-regulation" system. 


4.3. (N). International Trends 


The tendencies which we can detect here can essentially be broken down into two 
major families: 


Improvements in the refinement of current technologies and design of the ship as 
"energy system’; 


Study of and experimentation with new propulsion systems. 


While the first line offers interesting practical application prospects, the second 
one looks very problematical. One special chapter in this connection is represented 
by a partial return to sail propulsion, often with combined function together with 
the usual power plant. Progress made in calculation and electronic controls, com- 
bined with progress in the field of aerodynamics, contribute to some interesting 
prospects in this direction. 


4.4. (N). RS & D Development Lines 
4.4.1. (N). Choice Criteria 


The basic choice criterion here is the protection of the competitiveness of domes- 
tic products. 


4.4,2. (N). Research Topics 

T.UT.(N).1. Engines 

St. l--Optimization as a function of reduced speeds (A--S) ; 
St. 2--Use of pure fuels (A); 

St. 3+-Improvement in efficiency (A); 


St. 4--Total energy systems (A--S). 


T.UT.(N).2. Hulls more responsive to reduced cruising speeds (A--S). 
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4.5. (N)). Expenditure Estimates 


The expenditure estimates broken down by topics are given in Table UT (N) and 
amount to a total of 12 billion lire. 


The public research share comes to 50 percent of the total. 

4.6. (N). Responsibility 

Development activities are the responsibility of the shipbuilding industry which 
will avail itself of the existing scientific knowledge in the public research 


agencies. 


Basic and applied research activities on the other hand can be coordinated and guided 
by the CNR in the manner now worked out in the final projects. 


Table UT (S). Compilation of Research Topics Proposed in the Sector of “Uses in 
Transportation--Highway Transportation" (UT (S)) and Pertinent Expenditure Estimates 
(Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 

T.UT (S).1 ° Reduction of vehicle consumption 47 
ST.1-UT (S).1 Weight reduction A 
ST.2-UT (S).1 Improvement in overall engine output A 
ST.3-UT (S).1 Optimized fuels A 
ST.4-UT (S).1 Engine transmission improvement A 
ST.5-UT (S).1 Movement resistance improvement A 
ST.6-UT (S).1  Proportioning of system and parts A 
T.UT (S).2 New types of thermal engines 55 
ST.1-UT (S).2 Innovative fuels A 
ST.2-UT (S).2 Studies on combustion processes B—A 
ST.3-UT (S).2 Innovative engines S 
T.UT (S).3 New materials 114 
ST.1-UT (S).3 Metallic A 
ST.2-UT (S).3 Plastic A 
ST.3-UT (S).3 For high temperatures B--A 
T.UT (S).4 Electrical traction development 50 
ST.1-UT (S).4 Electrical vehicles S 
ST.2-UT (S).4  Bimodal vehicles S 
ST.3-UT (S).4 New transportation systems A 
ST.4-UT (S).4 New batteries A 
T.UT (S).5 Information and infrastructure 

development . 
ST.1-UT (S).5 Reduction of mobility needs A 
ST.2-UT (S).% Traffic control A 

Grand Total 270 
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Table UT (F). Compilation of Research Topics in Sector of "Uses in Transporcration-- 
Railroad Transportation" (UT (F)) and Pertinent Expenditure Estimates (Billions of 
Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 


T.UT (F).1 Transportation system analysis 8 
ST.1-UT (F).1 Transportation system analysis, 

planning, and management methodologies A 
ST.2-UT (F).1 Railroad junction traffic control 

and management systems optimiza- 


tions A--S 
T.UT (F).2 Possibility of lightening vehicles 7 
ST.1-UT (F).2 Optimization studies A 
ST.2-UT (F).2 Prototype construction and 

experimentation A 
Ties teres Traction work reduction A 3 
T.UT. (F).4 Electronic starting devices 10 
ST.1-UT (F).4 Studies on supply systems 
ST,2-UT (F).4 Electronic equipment analysis 

for energy recovery A 
ST.3-UT (F).4 Existing equipment transformation A 

Grand Tctal 29 


Table UT (A). Compilation of Research Topics Proposed in Sector of "Uses in 
Transportation--Air Transport" (UT (A)) and Pertinent Estimates (in Billions of 
Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 

T.UT (A).1 Air traffic planning and control 10 

ST.1-UT (A).1 Airport system A 

ST.2-UT (A).1 Air space A 

ST.3-UT (A).1 Optimum fleets A 

T.UT (A).2 Equipment technologies 90 

ST.1-UT (A).2 Fluid dynamics 

ST.1/1-UT 

(A) .2 Craft A 

ST.1/2-UT 

(A) .2 Engine A 

ST.2-UT 

(A).2 Fuels with specific additions A 

ST.3-UT (A).2 Materials 

ST. 3/1-UT 

(A) .2 Weight saving A 
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[Continued from preceding page] 


Code Topics and Subtopics Type of Expenditure 
Research 
ST. 3/2-UT 
(A) .2 Increased output A 
9T.4-UT (A).2 Specific consumption reduction A 
ST.5-UT (A).2 Equipment A 
Grand Total 100 


Tabie UT (N). Compilation of Research Topics Proposed in Sector of "Uses in 
Transportation--Maritime Transport Output'"(UT (N)) and Pertinent Expenditure 
Estimates (in Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 

T.UT (N).1 Engine 10 | 
ST.1-UT (N).1 Optimization due to reduced speeds A--S 
ST.2-UT (N).1 Use of poor fuels A 
ST.3-UT (N).1 Efficiency improvements A 
ST.4-UT (N).1 Totai-energy systems A--S 
T.UT (N).2 Hulls more responsive to reduced 

cruising speeds A--S 2 

Grand Total 12 


Part IV. Final Uses 
Chapter 5. Energy and Territory (UP) 


5.1. Premise 


The utilization of energy and the possibility of rationalizing such utilization 
will depend on the organization of human activities in the territory itself. 


It is therefore a good idea to examine, by way of summary, the correlations existing 
between energy and planning for the territory as a whole. 


5.2. State of the Art 

5.2.1. Principal Operators 

At this time, the CNR, which is availing itself of the cooperation of the university 
institutes, the public and private industrial establishments, and local entities, 

is operating in the sector. 

5.2.2. Activities in Progress 

The main activities in progress involve the integrated management of energy in the 


territory and the contribution which a knowledge of the energy system can make to 
correct territorial planning. 
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5.3. International Trends 

Within the IEA, the above-mentioned topics in recent years triggered considerable 
interest and many countries (the United States, Germany, Greece, etc.) have launched 
research on the national level. 

5.4. RS & D Development Lines 

5.4.1. Choice Criteria 


Here are the choice criteria: 


Perfection of methodologies for an approach to the problem of optimizing the uses 
of energy in the territory, to be used by the planners; 


Checking the possibilities of savings deriving from such optimization. 
5.4.2. Research Topics 


T.UP.1. Continuation and completion of research activities on the integrated 
management effort in the territory to work out an approach technology (A). 


T.UP.2. Identification, systematization, and acquisition procedures concerning 
data necessary for the description of energy uses in the territory (A). 


T.UP.3. In-depth development of contribution which the study of the energy system 
can make to the development of areas with limited resources; utilization of demon- 
stration plants (A). 


5.5. Expenditure Estimates 


The expenditure estimates for this activity are broken down by research topics in 
Table UP; the total is 5 billion lire, all of which is to be taken care of through 
public spending. 


5.6. Responsibilities 


Responsibility in this sector should be assigned to the CNR and CNEN who operate 
in cooperation with the university institutes, specialized companies, and local 
agencies. 


Table UP. Compilation of Research Topics in "Energy and Territory" Sector (UP) and 
Pertinent Expenditure Estimates (Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 

T.UP.1 Integrated management of energy in 

territory A 1 
TW .Z Identification, systematization, and 

procedure for data collection A 1 
T.UP.3 Areas with limited resources A 3 

Grand Total 5 
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Part V. Energy Carriers 
Chapter 1. Production of Electric Energy (VP) 
1.1. Premise 


This sector has achieved noteworthy technological maturity. But the fundamental 
fact remains that RS & D must be continu2d in order to make sure that the nation's 
output will be up-to-date. 


1.2. State of the Art 
1.2.1. Principal Operators 


The principal operators in this sector are ENEL, CNR, and national industry backed 
by public and private capital. 


1.2.2. Activities in Progress 


Research on the main components of electric power plants (turbines, alternators, 
etc.) is generally aimed at improving efficiency and reliability. 


In this field, ENEL is pursuing numerous research projects many of which are being 
carried out in cooperation with domestic industry. 


We must in particular recall here the research project, launched by the ENEL to- 
gether with Ansaldo and Tosi, with the purpose of acquiring the technologies 
necessary for the establishment of the low-pressure section of a steam turbine 
for nuclear power plants with 1,320-mm blades. 


The research program, launched by ENEL in cooperation with Italian industry, con- 
cerning the superconducting alternator is a part of the new technology demonstra- 
tion projects. 


The purpose of this program is to obtain elements regarding the advisability of 
making a prototype of an alternator with superconducting rotor winding with a 
size on the order of several tens of Mva and to irstall it possibly in the ENEL 
grid. 


Research conducted so far and the interest in these practical application under- 
takings were included in the final project of the CNR on "Superconductivity" for 
which funding was allocated. 

1.3. International Tends 

Since we are now dealing with consolidated technologies here, the research acti- 


vities of the nation's electrical outfits are essentially aimed at improving the 
reliability of plants and guaranteeing environmental compatibility. 
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1.4. RS & D Development Lines 
1.4.1. Choice Criteria 


As we said earlier, research for the most part involves technologically "mature" 
systems and components; the objective is to improve the product and to adapt it to 
the special requirements of standardization and employment; for products made under 
license, the ideal also is to secure and incorporate the knowledge deriving from 
license operations so as to permit active relationships with the licensee. 


The importance of this type of research generally springs from the need for the 
Italian industry to keep up with the technological evolution in the sector on a 
worldwide level and to maintain and possibly improve its competitive capability on 
the export market for domestic products. 


1.4.2. Research Topics 


.UV.1. Steam turbines and associated cycle (A--S). 
Turboalternators (A--S). 

Gas turbines (A--S). 

Existing power plant regulation and control systems (S). 
Advanced power plants (A--S). 
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1.5. Expenditure Estimates 


The expenditure estimates, broken down by topic, are shown in Table VP and come to 
a total of 40 billion lire. 


The public research share comes to 60 percent of the total. 


Table VP. Compilation of Research Topics Proposed in the "Electrical Energy 
Production" Sector (VP) and Pertinent Expenditure Estimates (Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 
TV ok Steam turbines and associated cycle A--S 15 
TeVecd Turboalternators A--S 10 
T.VP.3 Gas turbines A--S 5 
T.VP.4 Regulation and control S 5 
tevres Advanced power plants A--S 5 
Gratid Total 40 


1.6. Responsibility 


This essentially involves industrial research which should mostly be handled through 
the ENEL and industry. 


The action of the CNEN for the development of big machines for nuclear plants is 
particularly important here. Because of the specific nature of the operation in- 
volved here, they can be made part of industrial promotion programs for the nuclear 
sector. 
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Consideration is also being given to the action of the CNR in connection with basic 
research. 


Part V. Energy Carriers 

Chapter 2. Transportation, Storage, and Distribution of Electric Energy (VE) 
2.1. Premise 

(a) Transportation 


Research in the field of electrical energy transmission with UHV is important in 
Italy above all regarding the search for solutions which would protect the environ- 
ment while at the same time facilitating the construction of adequate transmission 
lines capable of providing maximum freedom in the placement of electric power plants. 


In some countries of the world, the transmission of electric energy may be consider- 
ed as an alternate source since it makes it possible to utilize energy sources 

so far not used because they are located very far from the consumption centers 

(for example, hydroelectric resources or coal). 


Regarding in particular the environment, the adoption of UHV will make it possible 
to maximize the concentration of energy which can be transmitted in a given part of 
the territory. 


(b) Storage 


Under this heading we will consider all of the storage fa-'lities which are suitable 
for successive recovery in the form of electric energy, ©°.n directly (in the case 
of batteries) and through mechanical energy. 


Storage activities of this type, which at this time reveal possibilities of signi- 
ficant application, are as follows: 


(a) Storage of potential energy of large masses (pumping plants) ; 
(b) Storage of compressed air; 

(c) Storage of kinetic energy (flywheels) ; 

(d) Electrochemical storage (batteries) ; 

(e) Storage in superconducting magnets. 


(c) Distribution 


The investments which the electrical power industry operator makes in the distri- 
bution sector constitute a significanc portion of the total investments; research 
activity aimed at both technical and economic optimization of distribution systems 
is therefore important. 
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2.2. State of the Art 
2.2.1. Principal Operators 
(a) Transportation 


As the operator of the nation's electric system, the ENEL promotes and coordinates 
reserach programs on the transformation of electric energy and on its own (or 
through its research institutes, such as the CESI), takes care of the portion in- 
cluding research programs involving systems and plants. 


Research on components is being done by domestic manufacturers whom the ENEL more- 
over offers its own cooperation and assistance, particularly regarding the supply of 
testing equipment and experimentation with various prototypes. 


(b) Storage 


As the operator of the Italian electric power system, the ENEL has, since its es- 
tablishment, been involved in research activities on energy storage, both in the 
form of systems studies, carried out by using the proper mathematical models, and 
through specific research on individual types of storage facilities. 


> 


Considerable attention is being devoted to this issue by the CNR, essentially throug 
the various technologies subproject under the PFE, and this in turn involves the 
universities, the scientific organizations, and some of the most important Italian 
industrial establishments (such as Ansaldo, FIAT, Pirelli, etc.). 


(c) Distribution 


As the operator of the nation's electric power system, the ENEL promotes and coor- 
dinates research programs on electric energy distribution. 


Similar efforts are being carried out by the city-controlled companies. 


Research on components is also being done by domestic manufacturers whom ENEL 
offers its own cooperation. 


2.2.2. Activities in Progress 


(a) Transportation 


In the field of AC, UNV power transmission, the ENEL, in cooperation with the CESI 
and the principal Italian manufacturers in this sector, is involved in a vast 
research program called "Project 1,000 ee.” 


The purpose of this research program is to obtain the knowledge necessary to go into 
a major technological innovation, that is, the introduction of a new level of 
voltage on the order of 1,000 kv which the development of the electric power system 
will require for Italy and for Europe during the nineties. 
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Following the completion of the project's first phase (1971-1976)--which consisted 
of the study of possible technical solutions to be adopted for the UHV system and 
within which an experimental program was carried out at Suvereto (LI). The second 
phase of the project is now in full swing; the various technical solutions proposed 
for the UHV components will now be checked out on a full-scale basis. 


Concerning DC transmission, Italy does not have much experience since we only have 
a single transmission plant of this type (the link between Sardinia, Corsica, and 
continental Italy partly in the form of an underwater cable and partly on-line) ; 
it has been operating since 1964 and its conversion station was built on the basis 
of foreign technology. Domestic builders so far have not been interested in this 
activity field although some big foreign builders have already acquired noteworthy 
experience here. 


Research activities carried out under the "Project 1,000 kv" so far have involved 
a total spending of about 25 billion lire. For the first phase (costing roughly 
6 billion lire) we had IMI financing to the tune of about 3 billion lire; for the 
second phase a financing request for about 70 percent of the expenditures was 
submitted to the IMI [Italian Credit Institute]. 


The industrial establishments participating in Project 1,000 kv furthermore on their 
own conducted research projects running parallel to those provided for under the 
Project with a total spending figure of about 5 billion lire. 


(b) Storage 


The storage of large-maSs potential energy (pumping plants) is now routine practice 
in electric power system; research activities carried out by the ENEL in this field 
however essentially are aimed at improving the efficiency and reliability of plants 
and their compatibility with the environment (study of underground excavation 
behavior, study of evaporation losses, estimation of ecological effects, etc.). 


In the field of compressed-air storage, the ENEL is building a demonstration plant 
using a natural reservoir discovered at Sesta, in the Larderello area, in the 
course of geothermal prospecting. 


The project provides for the air to be compressed to a pressure of 20 atm abs, 
with a plant currently in the construction phase, to be followed, after a series of 
tests on the dynamic performance of the reservoir, by the installation of a gas 
turbine with alternator, having a capacity of 25 Mw. If the demonstration plant 
were to confirm the economy and reliability anticipated for this type of storage, 
the reservoir itself could permit the installation of plants with a considerably 
larger total capacity (preliminary estimates go as high as 800 Mw). 


In the field of kinetic energy storage (flywheels) studies are underway, with the 
PFE of the CNR, concerning the application of flywheels for metropolitan trans- 
portation also in relation to the introduction of recovery--by electrical means-- 
of the braking energy of trains. 


Under the PFE of the CNR, power electronics equipment and various types of machines 
(engine/generator to be connected to the flywheel) were also studied and built. 
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Pirelli furthermore has built a demonstration plant which can also serve as test 
station for flywheels with a diameter of up to about 2.5 m and 10,000 rpm, while 
the CISE has developed prediction models for the study of the behavior of facilities 
in which the flywhee. will be installed, plus the subsequent optimization of its 
characteristics. 


In the electrochemical storage sector, research is being done on the use of batteries, 
both in the storage station with the electrical system, and in electrical vehicles. 


Some battery makers in particular are conducting research designed to improve the 
output of lead-acid storage batteries, while high-temperature zinc-bromine-type 
advanced batteries are being studied as part of the PRE of the CNR. 


The ENEL is also completing the installation, at the CESI, of a testing system 
capable of subjecting batteries to thermal, mechanical, and charge as well as dis- 
charges stresses, such as those that might arise in the batteries of an electrical 
vehicle or in the stationary batteries employed for storage in the grid. 


Research in the superconductivity field in being carried out in Italy essentially 
under the "Superconductivity" Final Project of the CNR. 


Concerning practical applications, activities are above all aimed at the development 
of superconducting alternators; research on storage in superconducting magnets is 
not yet significant. 


(c) Distribution 


The principal activities in progress here involve the standardization of components, 
the perfection of technical data banks on distribution, the development of inter- 
action equipment, the remote control of grids, the study of underground cables 

with extruded insulation, and hardware distribution. 


2.3. International Trends 
(a) Transportation 


Studies on the electrical energy transmission system using UHV constitute one of 
the priority areas in the field of electrical research in many foreign countries, 
first of all the United States and the Soviet Union. 


Concerning AC transmission, the maximum voltage used so far on the transmission 
lines is 765 kv; but there are four experimental plants at this time for the study 
of UHV with characteristics similar to those of Suvereto. Three of these plants 
are in the United States (AEP-ASEA Project, BPA Project, EPRI Project) and one is 
located in the USSR (experimental station at Bely Rast). 


Concerning DC transmission, lines are already in operation in some countries and 
under construction in other countries with voltage figures from +100 kv to about 
+500 kv. 
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In the UHV field (equal to or greater than +600 kv), the USSR announced the start 
of the construction of a +750-kv line in central Russia and plans call for the 
construction of others in the future; research is being conducted at the experi- 
mental plant in Leningrad, exploring voltages of +1,200 kv. 


(b) Storage 


In the sector of pumping plants, research in progress worldwide is similar to what 
is being done by the ENEL. 


In the compressed-air storage field, we must above all mention the approximately 
300-Mw plant of VH Untorf (West Germany) which recently came on line and which 
represents the first indugtrial facility of this type of storage; the air is com- 
pressed to about 70 kg/cm’ in two caverns dug into an artificial salt dome with a 
capacity of 300,000 m3, Research on compressed-air accumulation is in progress 
also in the United States (EPRI) and in England (CEGB). 


Regarding the storage of kinetic energy (flywheels) research currently in progress 
in various countries is above all aimed at experimenting with new types of materials 
(glass fiber, nylon, etc.) which would permit greater specific energy storage. 


Interest in electrochemical storage is rather strong worldwide and numerous research 
projects are currently in progress with a view to both utilization in storage 
stations and the employment of these systems in electrical vehicles. 


Considerable attention is being devoted to the improvement of lead-acid batteries 
while regarding advanced low-temperature batteries, development work is in progress 
in the United States on the zinc-chlorine battery which has already been checked 
out in a 50 kwh model; Redox systems, which store energy in metallic ion solutions, 
are being studied on the laboratory level (NASA in the United States and the 
Battelle Institute in Switzerland). 


Among high-temperature batteries, zinc-sulfur batteries are most frequently studied 
in the United States. 


(c) Distribution 

The problems to be faced by the electric industry operator in the distribution 
sector are similar in all industrialized countries which is why the international 
tendencies are in line with activities currently in progress in Italy. 

2.4. RS & D Development Lines 

2.4.1. Choice Criteria 

(a) Transportation 

Concerning AC power transmission, it is believed that the development of "Project 
1,000 kv" involves major advantages not only for the ENEL but also for Italian 


industry in this sector. In addition to enabling the ENEL to go into the introduc- 
tion of anewvoltage level on the order of 1,000 kv, this project will also bring 
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important collateral advantages regarding the technology of lower voltages and this 
will also apply to the possibility of exporting Italian electromechanical industry 

products, at the very moment when transmission systems with a voltage of more than 

420 kv are being tremendously developed worldwide. 


Concerning DC transmission, it is considered necessary that Italian industry acquire 
the knowledge and technology necessary to catch up with the big international groups 
operating in this sector. 


(b) Storage 


In proposing research efforts in the field of storage units, we above all took into 
account the fact that they represent a way of energy saving, both when they are 
used to recover energy that would otherwise be lost, and when they are used to 
permit the functioning, at constant capacity, of an energy generator which supplies 
4 variable load in terms of time (in this latter case, the investments necessary 

to meet a certain energy need are reduced through an improvement of the overall 
efficiency of the system; this in turn leads to an energy saving). In view of the 
importance of energy conservation in the current energy situation, research on 
storage units will be continued also in those cases where the basic criteria-- 
which were assumed for the definition of the research time frame to be proposed-- 
are not completely complied with. 


In the light of this we can say that, looking at compressed air storage, considera- 
tion was given to the objective of economically using this type of natural storage 
facility in the future Italian electrical power system as an alternative to the 
traditional pumping plants. This application is important also concerning the 
prospects which this might open up for Italian industry on the international market. 


Regarding electrochemical storage, we kept in mind the reference contained in the 
PEN, calling for widespread and growing use of electrical vehicles until we reach 
an output figure of about 5,000 units per year, over the next 10-15 years. 


In proposing investments for this type of storage, we also considered the possi- 
bility of developing an Italian backup industry; in that case however it will be 
absolutely necessary for that industry to be tied in with foreign industries which 
are more advanced in order to avoid wasting its efforts on followup research. 


(c) Distribution 


The research topics were spelled out in the light of the following main objective: 
cost reduction, size reduction, better management of loads to save energy; and more 
efficient use of production plants. 


2.4.2. Research Topics 
[.VE.1. Electrical energy transport (Project 1,000 kv). 
St. 1--Completion of experimental tests on components (A); 


St. 2--Construction of pilot plant (A--S) ; 
St. 3--Operation of pilot plant (S). 
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T.VE. 2. Electric energy transport (DC). 

St. l--Acquisition of technological knowledge pertaining to all components of a 
high-voltage plant, with particular reference to the thyristor valves (a); 

St, 2--Construction of an experimentation with components (A--S); 

St. 3--Pilot plant (S--D); 

St. 4--Acquisition of knowledge and technology for construction of complete UHV 
plants up to 1,200 kv (S). 


T.VE. 3. Large-mass potential energy storage (S). 

T.VE. 4. Compressed-air storage (SESTA Project) (D). 

T.VE. 5. Electrochemical storage (A--S). 

T.VE. 6. Miscellaneous storage methods (kinetic and magnetic). 


St. l--Feasibility studies on mobile applications (subways) and fixed applications 
(industrial) (A); 


St. 2--Development of materials and prototypes (S); 
St. 3--Study and development of conversion apparatus (A--S) ; 


St. 4--Flywheel testing stations (S). 
St. 5--Superconducting magnet storage (A). 


T.VE. 7. Components developed for primary high-voltage distribution networks and 
for secondary medium-voltage and low-voltage networks (A--S). 


(This topic involves the development of compact apparatus for distribution cabins, 
the development of new types of cables, the study of new types of supports, etc.) 


T.VE.8. Automatic management systems for grids and users (A--S). 


(This topic includes the remote reading of meters, remote-control facilities for 
grids, etc.) 


2.5. Expenditure Estimates 


The expenditure estimates are shown broken down by topics in Table VE and amount to 
a total of 127 billion lire. 


The public research share accounts for /0 percent of the total. 
2.6. Responsibility 
(a) Transportation 


Project 1,000 kv is being developed by the ENEL in cooperation with the principal 
[Italian builders in this sector, as we mentioned earlier under Point 2. 


A similar organization would seem advisable also for the research program on DC 
transmission. 
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(b) Storage 


Responsibility for public research efforts in the storage sector considered in this 
paragraph rests with the CNR which will operate through the PFE with the cooperation 
of the universities, scientific outfits, industrial establishments, and the CNEN. 


Industrial research will be the initiative of the ENEL (above all regarding the 
storage facilities to be inserted into the electric power system) as well as the 
industrial building establishments. 


(c) Distribution 


Responsibility for research efforts must be assumed by the ENEL and the city-operated 
companies; in the case of some of them, cooperation with some of the principal 
Italian builders in this sector will be necessary. 


Table VE. Compilation of Research Topics in Sector of "Transportation, Storage, 
and Distribution of Electric Energy" (VE) and Pertinent Expenditure Estimates 
(Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 

T.VE.1l Transportation (Project 1,000 kv) 22 
ST.1-EV.1 Completion of tests A 
ST.2-VE.1 Pilot plant A--S 
ST. 3-VE.1 Operation of pilot plant S 
T.VE.2 Transportation (DC) 25 
ST. 1-VE.2 Acquisition of knowledge on components A 
ST.2-VE.2 Component construction and testing A--S 
ST. 3-VE.2 Pilot plant S--D 
St.4-VE.2 Complete UHV pilot plant S 
..VE.3 Potential energy storage S 5 
T.VE.4 Compressed-air storage S 10 
T.VE.5 Electrochemical storage A--S 40 
T.VE.6 Miscellaneous storage (kinetic and 

magnetic) 10 
ST.1-VE.6 Feasibility studies * A 
ST.2-VE.6 Materials and prototypes S 
ST. 3-VE.6 Apparatus and prototypes A--S 
ST.4-VE.6 Flywheel testing station S 
ST.5-VE.6 Storage in superconducting magnets A 
T.VE./7 Components developed for distribution 

networks 


Primary low-voltage and secondary 
medium-voltage and low-voltage dis- 
tribution networks A--S 8 
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[Continued from preceding page] 


Codes Topics and Subtopics Type of Expenditure 
Research 
T.VE.8 Automatic network and user management 
systems A--S 7 
Grand Total 127 


USI AGRICOLI E ZOOTECNICI (1,4%) 1) 





USI INDUSTRIALI (37%) 2) 





USI CIVILI E EDILIZIA (23,18) 3) 
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Key: l--Agricultural and livestock uses (1.4 percent); 2--Industrial uses (37 per- 
cent); 3--Civilian uses and housing construction (23.1 percent); 4--Transportation 
uses (38 percent); 5--Energy and territory (0.5 percent). 
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Italy's National Energy Research Plan 


Rome RASSEGNA PETROLIFERA in Italian 11 Sep 81 pp 680-687 


[Text] In this issue we conclude the complete publication of the 
National Energy Research Plan. 


Section B. Part V. Energy Carriers 
Chapter 3. Cumulative Transportation and Distribution of Heat (VC) 
3.1. Premise 


Here we will take up the problem complex of combined electricity and heat generation 
in the civilian and tertiary sector, the transportation and distribution of heat at 
temperatures of less than 150° C, mostly for heating the environment and hygienic- 
sanitary water, generated in combined local production plants, tapped by big thermo- 
electric power plants, and recovered by industrial plants. 


Tne common element in all of these systems is the organization of a subdivided heat 
demand which can be met by using various types of facilities and technological 
solutions, all of which are characterized by reduced energy consumption when com- 
pared to the simpler solutions (widespread use of boilers) and/or the diversifica- 
tion of sources of primary energy used. 


Regarding the direct accumulation of heat (latent or noticeable), we must also 
mention the lines of research on which one must concentrate: short-term accumulation, 
medium-term accumulation, seasonal accumulation, and accumulation by means of re- 
versible chemical reactions. 


3.2. State of the Art 

3.2.1. Principal Operators 

The principal operators in this sector were the companies under municipal control 
(especially the one in Brescia), public and private enterprises, and the CNR [Na- 


tional Research Council] in cooperation with other research institutions (universi- 
ties and the CISE). 
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3.2.2. Activities in Progress 


While the combined generation of electric energy and heat in industry is rather 
widespread in Italy (the electric energy produced in combined plants in industry in : 
1978 came to 13 percent of the nationwide electric power demand and 21 percent of 
the industrial demand), the same is not true of the civilian sector where the only 
major initiative in this respect is located in Brescia, with an urban heating plant 
that services about 8 million m3 of built-up space, supplied by a joint-generating 
power plant; the planning for the Brescia system was begun in 1971 while the con- 
struction of the network was started in 1974; all of this was handled by the local 
municipal utilities company which did not get any public research funds (except for 
marginal aspects and only in the most recent years). Various other initiatives are 
in the process of implementation or planning or feasibility study (Reggio Emilia, 
Turin, Venezia-Marghera, Mantua, La Spezia, Milan, Pavia, Pisa, Modena, etc.): some 
of them were able to get public financing for the feasibility study and executive 
planning through the PFE [Final Energy Project] of the CNR. 


Initiatives financed by the CNR involve the study and planning both of total energy 
systems for complexes with special energy demand characteristics (particularly, 
hospitals) and for residential or urban generation and distribution systems, as well 
as finally for long-distance heat transportation networks. 


In these research and planning activities there were involved above all the muni- 
cipal companies and local entities, major energy outfits (ENEL [National Electric 
Power Agency], particularly through the CISE, and the ENI [National Hydrocarbons 
Agency], the latter in a relatively modest form), plus engineering companies both 
in the public sector and in the private sector. 


3.3. International Trends 


The transportation and distribution of heat for civilian uses has for many decades 
been widespread in the countries of northern and eastern Europe (particularly the 
Soviet Union, Czechoslovakia, Poland, Denmark, Sweden, Finland, and the FRG); heat 
supply through combined production plants has become widespread more recently 
particularly in Denmark, Finland, and Romania. The Danish program is quite note- 
worthy; the ultimate purpose is further to expand the diffusion of the heat dis- 
tribution networks until it will be possible, by the year 2000, to cover 35 percent 
of the heat demand for heating and civilian uses. 


The annual duration of the heating season is particularly long in the countries 
mentioned; that was naturally the most important element in determining the develop- 
ment of a system which, against minor operating costs and, therefore, lesser energy 
consumption, however does involve considerably higher costs in terms of capital 
assets. 

The fuel price rise has shifted the economic convenience limits and consequently 
other countries with a more temperate climate are likewise hurrying to go into a 
wider dissemination of heat transportation and distribution networks. France very 
recently on 15 July 1980 passed a law pertaining to heat networks, contemplating 
various procedures, also for the recovery of heat discharged by industrial plants; 
heat networks are viewed with little interest in Great Britain for many different 
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reasons, among which we might mention the relatively low level of housing density 
and the recent widespread use of heating plants, many of which are electrical, that 
is to say, they prefer other solutions regarding the rationalization of energy 
consumption for civilian uses (for example, heat pumps). 


Regarding components (pipes, exchangers, generators, etc.), the normal technological 
development process is now underway, the kind of process which we can expect in a 
technologically mature field but whose market is continually expanding; this develop- 
ment is naturally more pronounced in the countries of the northern area which have a 
greater tradition in this sector. 


3.4. RS&D [Research, Development, and Demonstration] Development Line 
3.4.1. Choice Criteria 


The involvement of public funding in RS&D in a field which is substantially mature 
from the technological viewpoint and which will be the first to get financing for 
practical implementation (it is assumed that DDL [Draft Bill] 655 will be translated 
into law within a few months), must have the following priority objectives: 


The definition of the demand market through feasibility studies especially in those 
cases where the institutional operator may run into special difficulties in tackling 
the problem (for example, hospitals, small local communities, etc.); 


The formation and organization of the supply through the assignment of feasibility 
study contracts to engineering enterprises and companies; one reasearch line might 
involve the study of the transportation and distribution of water discharged from 
condensers instandard thermoelectric power plants working in a closed cycle, with 
return to the river. This study would be conducted as an alternative to joint 
generation because cold transportation is considerably less expensive. 


Public financing for RS&D in the field of feasibility studies for heat production 
and distribution systems will be granted in keeping with the characteristics in- 
volved, with the following order of priority: 


Reduction of consumption of petroleum derivatives, 
Reduction of natural gas consumption, 
Reduction of energy needs. 


RS&D support efforts will have to be carried out in currently operating plants so 
as to sc. them up in a manner suitable for making significant information available 


regarding the planning and operation of other systems. 


Financing will furthermore be provided for R&D on heat transportation and distri- 
bution components, on the problem complex of total energy system makeup with small 
and medium dimensions in the national electric power network, on the further develop- 
ment of the planning aspects and the methodologies used for cost-benefit studies 

for the various efforts to be make, on the makeup of new sources (solar, wind, 

etc.) within total-energy systems. 
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Regarding actions in the field of storage technology, research is being planned in 
an effort to improve the economy of systems already in use (short-term storage, 
several hours), basic research (medium-term storage, about 15 days), practical 
application studies for the use of the characteristics of the Italian subsoil 
(seasonal storage, summer storage for winter use), and finally long-range surveys 
on a series of reactions (storage by means of reversible chemical reactions) which 
could be followed by research activity on the most promising solutions up to the 
practical construction of a pilot plant. 


3.4.2. Research Topics 


T.VC.1. Feasibility Study (S). 
T.VC.2. Instrumentation and Automation (A--S). 
T.VC.3. Distribution and Transportation System Components (A--S). 


T.VC.4. Thermal Storage; 

St.1--Short-Term Storage (A--S); 

St.2--Medium-Term Storage (B--A); 

St.3--Seasonal Storage (A); 

St.4--Storage by Means of Reversible Chemical Reactions (B--A--S). 
T.VC.5. Makeup of More Energy Sources (A). 


3.5. Expenditure Estimates 


The expenditure estimates are shown broken down by topic in Table VC and amount to 
a total 65 billion lire. 


The share for public research comes to 60 percent of the total. 
3.6. Responsibility 


Primary action responsibility for the RS&D programs rests with the CNEN [National 
Nuclear Energy Commission] and the CNR; the former is given responsibility for the 
coordination of feasibility studies and for a portion of the miscellaneous research 
projects, with particular reference to those which imply industrial promotion ef- 
forts. 


The CNR is responsible for the implementation of a finalized research and develop- 
ment program, completely supported with public financing, in which the institutes 
and centers of the CNR and research groups under the universities, as well as enter- 
prises and agencies, would cooperate. 











Table VC. Compilation of Research Topics Proposed in the "Heat Transportation, 
Storage, and Distribution Sector" (VC) and Pertinent Expenditure Estimates (in 
Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 
T.VC.1 Feasibility studies S 10 
ey: Instrumentation and automation A--S 5 
T.VC.3 Distribution and transportation system A--S 15 
components 
T.VC.4 Heat storage 29 
St.1-VC.4 Short-term storage A--s 
St.2-VC.4 Medium-term storage B--A 
St.3-VC.4 Seasonal storage A 
St.4-Vce.4 Storage by means of reversible chemical B--A--S 
reactions 
T.VC.5 Makeup of more energy sources 6 
Grand Total 65 


Chapter 4. Use of Hydrogen (VI) 
4.1. Premise 


Among the assumptions as to guaranteeing the kind of energy development which will 
depend less and less on petroleum and other fossil fuels (coal, natural gas), a 
possibility is coming up for using also synthetic fuels, including hydrogen. 


The chemical, physical, and energy properties of the latter justify interest in it 
to the fullest extent. 


In theory, hydrogen could represent the simplest solution to the problems currently 
arising from other fossil fuels in terms of the political and strategic use made of 
them by the producer countries. 


This is why we do not even have the problem of exhaustion here since it is one of 
the main components among countless constituents, such as water, where it is present 
to the extent of 11 percent by weight. 


The various hydrogen production processes require energy in various forms (thermal, 
electrical, light) which is why its energy use has a different impact, depending 
upon the energy sources which we made up-line. in this sense it also considered 
one of the means for storing energy. 


Hydrogen is furthermore an indispensable constituent for the crude refining indus- 
try (cracking, reforming, desulfuration) for the float glass industry, for the 
pharmaceutical industry, for the animal and vegetable oils and fats industry for 
food use, for various processes which require particularly reducing atmospheres. 
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4.2. State of the Art 
4.2.1. Principal Operators 


The principal operator in this sector is the CNEN which has begun to draft initia- 
tives for R&D programs in 1979, inserting them into the more general energy storage 
programs. 


4.2.2. Activities in Progress 


The only Italian R&D program for the energy use of Hy is the one by the CNEN which 
we mentioned earlier. 


The real problem regarding the energy use of Hy is that it must be produced syn- 
thetically; at current costs, that would be extremely disadvantageous. Nor is it 
possible to recover it as gas, directly from the atmosphere, because of its low 
concentration (5x - 109 percent). The activities currently essentially revolve around 
the development of the use of hydrogen as an energy carrier with particular reference 
to production, storage, and distribution methods for that fuel. 


4.3. International Trends 


Looking back to the data of September 1980, put out by the International Energy 
Agency, on the countries (Belgium, Canada, EEC, FRG, Japan, the Netherlands, Sweden, 
Switzerland, and the United States), which participate in the research and develop- 
ment program on the production of hydrogen from water, the total Hy demand in 

those countries, it is believed, could increase roughly by a factor of 12-17 com- 
pared to the current one during the period between 1985 and 2025. 


This signifies an annual average growth of about 7 percent, including 8-10 percent 
for direct energy use, 8-9 percent for indirect energy use, and 3-3.6 percent for 
nonenergy use. 


By the end of the period now under consideration (2025), 85 percent of the entire 
hydrogen produced in the above-mentioned countries would be used for energy con- 
sumption (16 percent directly, 69 percent indirectly) and would have a presressive 
effect on total energy consumption. 


Due to the industrial uses mentioned earlier, we do have Hy production technologies 
which are consolidated and this is why R&D activities have already been planned in 


the industrial sectors involved. 


The R&D commitment tends to be directed toward production methods involving water 
cracking. 


4.4. RS&D Development Lines 
4.4.1. aoice Criteria 


The interest which all industrially highly developed countries have regarciag the 


assumption of the energy use of hydrogen quite readily justifies a stronger 
commitment toward this source as far as Italy is concerned. 
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R&D activities should be arranged according to some fundamental objectives: 
Increase in and development of existing technologies; 
Installation of demonstration plants; 


Improvement in the development of studies for the production, storage, and distri- 
huticn of hydrogen; 


Establishment of an Italian hydrogen group which would keep track of all of the 
problem complexes inherent in this energy carrier. 


/ 


4.4.2. Research Topics Proposed 


T.VI.1. Updating of statistics on production and consumption (A). 

T.VI.2. Studies on H20 electrolysis; 

St. 1--Systems with solid polymeric electrolyte (A); 

St. 2--Systems with solid uranium electrolyte (A). 

T.VI.3. Planning, construction, and management of prototypes of 10-100 kwh electro- 
lyzers made up of hydride storage systems (A--S). 

T.VI.4. Feasibility studies for systems to be used in the thermolytic cracking of 
water (solar energy storage) (A--S). 


4.5. Expenditure Estimates 


The expenditure estimates are shown broken down by topic in Table VI and come to a 
total of 40 biilion lira. 


The expenditures will be taken care of mostly through public research. 
4.6. Responsibility and Special Steps 


Every Italian commitment in the sector must start in analogy with what is being 
dene on the level of the IEA. The establishment of an Italian hydrogen group, made 
up of public research agencies (CNEN, CNR), as well as the electric energy produc- 
tion and distribution outfit (ENEL), the gas distribution outfits (SNAM [National 
Gas Pipeline Company], ITALGAS, and city-owned companies), the crude refining in- 
dustry, the petrochemical industry, the public and private companies involved in 
hydrogen production, storage, distribution, and utilization problems, is therefore 
necessary and this group must constantly maintain contacts wich the international 
context to meet the requirements of industry and energy devilopment in this sector. 


Because of the specific interests deriving from their institutional tasks, it is 
necessary to assign to the CNEN and the ENI the task of organizing the operation 

of the group, in addition to its representation in the various international agencies 
(IEA, EEC, World Hydrogen Conference). 


In addition to spelling out the framework for the current production and consump- 
tion of H,, the group must promote and coordinate research and development activi- 
ties regarding the energy use of hydrogen. 


136 








Table VI. Compilation of Research Topics Proposed in "Hydrogen Utilization" 
Sector (VI) and Pertinent Expenditure Estimates (in billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 

TeVacd Updating of statistics on production and 

consumption A 5 
T.VI.2 Studies on electrolysis of H,0O 10 
St.1-VI.2 Systems with solid polymeric electrolytes A 
St.2-VI.2 Systems with solid uranium electrolytes A 
T.VI.3 Planning, construction of electrolyzer 

prototypes, 10-100 kwh A--S 15 
T.VI.4 Feasibility studies for thermolytic 

cracking systems A--S 10 

Grand Total 40 
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Key: l--Energy carriers; 2--Electric energy generation (14.7 percent); 3--Trans- 
portation, storage, and distribution of electric energy (46.7 percent); 4— 

Heat transportation, storage, and distribution (23.9 percent); 5--Hydrogen (14.7 
percent). 


Section B. Part VI. Interdisciplinary Topics 
Chapter 1. Energy Models and Data Banks (IM) 
1.1. Premise 


In this chapter we will take up the topic of energy modelling, considering general 
supply and demand models and their makeup. 
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We are also going to take up the entire problem of the establishment and utilization 
of banks as an indispensable support in various sectors (climatic, meteorological, 
statistical, etc.). 


1.2. State of the Art 
1.2.1. Principal Operators 


The CNR, the ENI, the ENEL, and the IRI [Industrial Reconstruction Institute] and 
more recently the CNEN, in addition to the university institutes, have been operating 
in this field. 


1.2.2. Activities in Progress 


Energy modelling is relatively little cultivated in Italy; this point was formally 
dropped from the PFE of the CNR although modest modelling activities, limited to 
specific subjects and sectors, financed by the CNR, were in fact coordinated by the 
PFE; the CNEN recently has devoted some funds to that and should, for the EEC, 
increase the Medee model (developed by the IEIE at Grenoble) for Italy. Company 
and sector-level models (ENEL, ENI, IRI, and other major enterprises) have been 
developed but are not public domain, nor do they cover the entire energy topic 
complex. An example of an energy model for Italy consists of collaboration in the 
WAES (Workshop on Alternative Energy Strategies, conducted by the MIT) between 

1975 and 1977, the research and development division of Montedison and the Institute 
of Energy Sources Economy of Bocconi, Milan. 


Concerning the data banks we must mention the activities carried out under the PFE 
of the CNR through the various subprojects (solar, energy savings in building heat- 
ing, waste, ecological research, mobility in the traction field) in the area of 
data of acquisition and processing methodologies (in this connection see also 
Chapter 2, Part IV). 


1.3. International Trends 


Energy modelling activities are rather well developed in Europe, although to a 
lesser degree in the United States. In general, there are academic or public 
research institutions which devote their work to this effort and which support the 
respective governments. Here we should note the activity of the IIASA (inter- 
national institute for applied systems analysis, laxe@burg, Austria), in which Italy 
also participates. The IEA is also operating in this sector. 


1.4. RS&D Development Lines 
1.4.1. Choice Criteria 


For model-making it is necessary to develop one or more models for the energy 
demands which will be sufficiently well-organized so as to permit planning on the 
level of geographic areas (regions or groups of homogeneous regions); that would 
involve one or more demand models, so prepared as to be capable of being combined 
with the demand models and permitting the estimation of the penetration of new 
sources. 
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Model activities must make optimum use of existing resources and must not be con- 
centrated in a single center; it is generally preferable to have two models of 
smaller dimensions rather than a single complex model and that is true above all 
in a country with little experience in this field. 


Regarding the data banks on the other hand we look forward, in a short time, to 
starting an effort that would be organized in various ways and which, on the one 
hand, would boost the already existing centers so as to consolidate the know-how 
already acquired, and which, on the other hand, would stimulate the birth of new 
specific uses in various sectors, such as solar, wind, geothermal, biomasses, 
territory, coal and hydrocarbons, transportation, electric energy utilization, 
heat utilization, and legislative and environmental problems. 


1.4.2. Research Topics 


T.IM.1. Energy demand models (A). 
T.IM.2. Energy supply models (A). 
T.IM.3. Combination of demand and supply models (A). 
T.IM.4. Establishment and starting of data banks (A). 


1.5. Expenditure Estimates 


The expenditure estimates are given here broken down by research topics in Table 
IM and they amount to a total of 48 billion lire, to be taken care of entirely 
by public research. 


1.6. Responsibility 


Regarding model-making, the action and coordination responsibility rests with the 
CNEN which will have to resort to resources existing in the country, particularly 
in the CNR, in the universities, in the research institutions and in the energy 
agencies; with the help of the results, it will have to support the departments of 
the Ministry of Industry which are responsible for energy planning. 


Regarding data banks, responsibility partly rests with the CNR and partly with the 
promotion outfits of the centers to be newly established in the various energy 
sectors (ENEL, ENI, CNEN, industries). 


Table IM. Compilation of Research Topics Proposed in tl 2 "Energy Models and Data 
Bank" Sector (IM) and Pertinent Expenditure Estimates (Billions of Lire) 


Code Topics and Subtopics Type of Expenditure 
Research 
T.IM.1 Demand models A 4 
T.1IM.2 Supply models A 2 
T.IM.3 Combination of both types of models A 2 
T.1IM.4 Establishment and start of data banks A 40 
Grand Total 48 











Chapter 2. Social-Economic Problems (IS) 
2.1. Premise 


The objective of diversifying energy sources and completely reviewing the utilization 
of this resource cannot be attained without consequences on the social-economic 
level. 


This is therefore an important investigation sector. 
2.2. State of the Art 
2.2.1. Principal Operators 


At this time there is no organic research activity going on in this sector in which 
university institutes (for example, the IEFE of Bocconi) and some companies of 
national significances have become active. 


2.2.2. Activities in Progress 


These generally are studies which take up particular aspects of the problem, casting 
light upon the influence of the energy crisis on one or the other industrial sector 
or, more generally, macroeconomy studies. | 


2.3. International Trends 


This is something that has been taken up by all industrial countries with a vast 
literature covering all levels of the problem. International organizations, such as 
the OECD (IEA) and the EEC, are active in this sector. 


2.4. RS&D Development Lines 
2.4.1. Choice Criteria 


Energy research must necessarily be tied in with the vaster and more comprehensive 
economic and social research efforts and it must therefore seek to come up with 
studies that present analyses of broader scope, in which the energy problem is in- 
cluded in the social-economic thought tendencies, as well as economic studies which 
will bring out the methodological aspects. But there is one important caveat here: 
energy research, in view of the emblematic nature of the problems which it is called 
upon to tackle, must also contribute to the evolution of economic-social studies, 

in other words, it must stimulate a critical and therefore innovative rethinking 

of economic-social thought, to the extent that, through energy research, we can y, 
point up alternatives and development possibilities which the prevailing patterns 

of economic and social theories have not adequately considered or are unable pro- 
perly to evaluate. 


[It would however be wrong to start with the assumption that relationships between 
energy research and economic-social research run only in one direction, thus under- 
estimating not only the iterative aspect, but also the holding role which energy 
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research can play in bringing out the limitations and hence also the inadequacy of 
economic and social thought in tackling the problems posed by energy research it- 
self. 


2.4.2. Research Topics 


T.IS.1. Study of relationships between economic growth and energy consumption (A). 
T.IS.2. Evolution of relationships between processing countries and countries 
which have raw materials (A). 

T.IS.3. Methodologies of cost-benefit studies with reference to environmental 
impact (A). 

T.IS.4. Critical analyses of evolution of organizational systems, of control or 
evaluation of business and industry decisions as well as investment choices (A). 
T.1S.5. Social acceptability of big energy conversioa plants, public opinion in- 
formation methodologies, and decentralization problems (A). 

T.IS.6. Estimation methodologies for supply planning and trends in penetration of 
electric demand as compared to energy demands (A). 


2.5. Expenditure Estimates 


The expenditure estimates are shown broken down by research topics in Table IS and 
come to a total of 4 billion lire, entirely taken care of through public research. 


2.6. Responsibility 


The research programs will be coordinated by the CNR and for the most part will be 
carried out within the university environment; a portion of them, especially re- 
garding topics of interest in short-range terms, will have to be stimulated and 
handled by the CNEN. 


Table IS. Compilation of Research Topics Proposed in "Social-Economic Problem" 
Sector (IS) and Pertinent Expenditures Estimates (Billions of Lire) 


Code Topics and subtopics Type of Expenditure 
Research 

Tokoolk Relationships between economic growth and 

energy consumption A 1 
T.18.2 Evolution of relationships between trans~ 

forming countries and countries which have 

raw materials A 0.25 
T.48.3 Cost-benefit analysis methodologies A 0.25 
T.1S.4 Critical analysis of evolution of or- 

ganizational systems A 0.25 
T.18.3 Social acceptability of big plants A 1 
T.1S.6 Estimation methodologies A 1 

Grand Total 4 
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Chapter 3. Legislation and Standards (IL) 
3.1. Premise 


This activity is fundamental for the complete translation into action of the re- 
sults emerging from everything that has been done in the other sectors. 


The attention which therefore must be devoted to this activity goes beyond the 
entity of resources that must be made available. 


3.2. State of the Art 
3.2.1. Principal Operators 


In addition to the institutional operators (ministries, energy agencies, CNR and 
CNEN, concerning technical standards), this sector is active in the field of uni- 
versity research; over the past 2 years, the PFE of the CNR has been working on the 
cognitive level. 


3.2.2. Activites in Progress 


A PFE-CNR report is now in print on the Italian legislative situation. In the 
context of the PFE-CNR likewise various activities of a technical standard character 
are in progress. The CNEN is working in the nuclear sector. 


3.3. International Trends 


The other industrialized countries are also recognizing the extreme importance of 
this sector; a critical review of the steps decided at the time is already in pro- 
gress in many countries. 


3.4. RS&D Development Lines 
3.4.1. Choice Criteria 


The legislative branch and the public administration need specific support in energy 
matters for everything regarding both legislative activities and standardization 

so as to implement an energy policy taking into account all of the gains, both 
technological and cognitive, which are of concern to the national energy system. 

For some topics of tremendous significance (such as, for example, the case of en- 
vironmental standards), more and different administrative agencies must become 
involved in drafting standards; in the research efforts outlined here, it is there- 
fore necessary to make reference also to the results obtained in disciplinary fields 
which are quite different from energy (particularly, medicine, biology, physics of 
the atmosphere, etc.). 


3.4.2. Research Topics 


T.IL.1. Various standards pertaining to diffuse energy uses (housing construction, 
heating plants, electrical household appliances, transportation equipment, etc.) 


(A). 
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T.I11. 2. Environmental standards and repercussions on the output of energy trans- 
formation plants, both centralized and diffuse (A). 


T.IL. 3. Review of procedures for the approval of the construction of big energy 
conversion plants; environmental impact balance sheet [statement] (A). 


T.IL.4. Analysis and rationalization of procedures involved in the approval of 
big electric energy production plants (A). 


T.IL.5. Review of legislative and administrative norms in the light of new energy 
policy direction (particularly with reference to the use of solar, wind, and geo- 
thermal energy, to heat transportation and distribution systems, to the recovery 

of heat discharged by industrial plants, to the utilization of unused salts in water, 
etc.) (A). 


T.IL.6. Institutional aspects of energy problem with particular reference to the 
competence of the various levels of government (central, regional, local) and their 
relationships (A). 


3.5. Expenditure Estimates 


The estimated expenditures are broken down by research topics and are shown in Table 
IL; they come to a total of 7 billion lire, to be taken care of entirely through 
public research. 


3.6. Responsibility 


Action responsibility for the aspects most directly linked to legislative amd government 
Standard activities rests with the Ministry of Industry which will cali upon the 
CNEN, the CNR, and the universities for help; concerning aspects tied to technical 
standards, the CNR will be responsible. 


Table IL. Compilation of Research Topics Proposed in the "Legislation and Standards" 
Sector (IL) and Pertinent Expenditure Estimates (Billions of Lire) 


Code Topics and subtopics Type of Expenditure 
Research 

T. IL. Miscellaneous energy standards A 1.2 
T.IL.2 Environmental standards A 1.2 
Telhed Review of approval procedures A 1.2 
T.IL.4 Analysis and rationalization of approval 

procedures A 1.2 
T.IL.3 Review of legislative and administrative 

norms A 1.2 
T.IL.6 Institutional aspects A 1 

Grand Total 7 
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Part VL. Interdisciplinary Topics 

Chapter’ 4. Environment and Health (1A) 

4.1. Premise 

Here we are going to consider three research efforts aimed at the following: 


(a) The improvement and rationalization of methods for analyzing environmental 
modifications produced particularly by production plants and the utilization of 
energy sources, including domestic facilities and transportation vehicles; 


(b) Completely preventing the direct destruction of life in the energy production 
processes; 


(c) Reduction and, where possible, elimination of emission of harmful ash into the 
environment, also, where applicable, with methods of accumulation and successive 
storage in safe places for this type of ash if it cannot be used. 


This does not cover research on environmental decontamination methods, except in 
special cases directly connected to the generation of energy by big, centralized 
plants. Decontamination in general is part of a vaster environmental plan which is 
necessary but of which only a portion deals with energy. 


4.2. State of the Art 
4.2.1. Principal Operators 


The principal operators are the CNEN, the ENEL, the CNR, and the Higher Health 
Institute. 


4.2.2. Activities in Progress 


Because of the rather loose legislation pattern in Italy regarding pollution 
problems, the research pertaining to item (a) was developed particularly only by 

big outfits such as CNEN and ENEL for institutional reasons. The CNEN has developed 
tremendous competence on problems of nuclear plant safety; the ENEL has above all 
been working on conventional power plant safety. The CNR and the Higher Health 
Institute partially developed programs aimed at determining facts on damage to human 
health deriving from environmental pollution but without particular emphasis on the 
contribution coming from the spread of such pollutants by the producers of users 

of energy as such. There is little industrial participation in environmental re- 
search programs (in some cases there is even real resistance to going into that) 

and university research is fragmentary. 


4.3. International Trends 


The country which, more than any other, has developed public and private research 
programs in this field certainly is the United States. For objective reasons, that 
is where more than half of the world's environmental pollution takes place and 
public opinion was inevitably bound to impose careful and sometimes strict 
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legislation whose coverage is becoming tighter all the time. The European coun- 
tries have embarked on the same road for some time now, headed by Sweden. Re- 
search in the United States and Sweden covers the entire range of environmental 
energy, industrial, domestic, and transportation pollution. 


In the narrower field pertaining to item (a), above, noteworthy results have been 
achieved in the field of thermal pollution, the reduction of S02 from combustion, 
and the precipitation of dust. 


Much remains yet to be done regarding nitrogen oxides, the treatment of coal (ex- 
traction, conversion, transportation), the problem of eliminating radioactive ash, 
the destruction of water life in the areas around electric power plants, with open- 
cycle water cooling, the ever growing aspect of noise pollution, etc. 


In addition to the contribution to the solution of these problems, research is much 
advanced in Europe on fast superconverter reactor safety, where the CNEN is one 
of the protagonists. 


4.4.  RS&D Development Lines 


The choice criteria pursued were essentially determinei by the particular relevance 
for the objectives of the PEN [National Energy Plan] and by the current capacity 

of research instruments. The market prospects are not easily estimated since this 
to a great extent involves technological research of uncertain outcome. The latter 
however--because of the economic impact in case of success that vould lead to 
patents--does prevent specific international market prospects today and domestic 
market prospects tomorrow, after the desired improvement of legislation. The 
proposed research actions here are divided into three parts: technologies, bio- 
medicine, environmental physics. But it is necessary to present two premises here: 


(1) Already contained in the PEN: it is above all necessary to have a framework of 
the competences existing in Italy and, where applicable, to create new ones through 
the further increase in expenditures which may derive from that; 


(2) A certain portion of the research on technologies is already contained in parts 
of the PNRE [National Energy Research Plan] dealing more specifically with the 
production and saving of energy: for example, the gasification of coal makes it 
possible to eliminate SO,, produced by coal-fired power plants; the energy saving 
due to remote heating wifl reduce the thermal pollution of rivers and the gas and 
dust pollution in the cities, etc. 


Here we therefore will refer to those research topics which are not already ex- 
plicitly contained in the other parts of the energy plan. 


4.4.1. Research Topics 
T.IA.1. Technologies 


ST.1--Possible treatment and utilization of radioactive materials (for example, 
radiation pile) (A); 
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ST.2--Safer methods for depositing radioactive ash (with particular emphasis on the 
Italian geological situation) (A); 


ST.3--New methods of determining environmental radioactivity (A); 


ST.4--Elimination of dust and $07 in combustion in domestic or small and medium 
plants (A); 


ST.5--Elimination of nitrogen oxides and carbon monoxide in high-temperature com- 
bustion (A); 


ST.6--New methods of determining pollution from smoke and/or combustion g:~ (A); 


ST.7--New methods for defending water life in the vicinity of big electric energy 
production plans cooled with open-cycle water (A); 


ST. 8--Methods of reducing pollution from petroleum dumping into the environment 


(A); 
ST.9--Reduction of noise pollution (A). 
T.1A.2. Biomedicine 


ST.1--Long-term effects of nitrogen oxides at various concentrations on living 
things (A); 


ST.2--Long-term effects of coal dust and ash at various concentrations on living 
things (A); 


ST.3--Effects of acid pollution of aquifer strata on living things (A); 

ST.4--Rate of dust and combustion gas development in the production of tumors (A); 
ST.5--Analysis of overall impact and of its evolution in terms of pollution time 

at realistic rates of radiation and combustion on the most common ecological systems 
in Italy (cities, plains, hills, lakes, etc.) (A). 


T.IA.3. Physics of the Environment 


ST.1--Time evolution of environmental distribution of pollution around p>. lution 
sources (A); 


ST.2--Planning of environmental pollution survey networks (A); 


ST.3--Survey of climatic variations in cities and in areas set aside for big energy 
production or utilization plants (A); 


ST.4--Changes in ecological system caused by hydroelectric power plants or by big 
pumping basins (A). 
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4.5. Expenditure Estimates 


The expenditure estimates are shown broken down by topics in Table IA and come to a 
total of 50 billion lire, to be handled through public research. 


4.6. Responsibility 
Responsibility for the above actions will have to be shared among the CNR, CNEN, 
the ENEL, and the Higher Health Institute, which will operate in cooperation with 


the university institutes and with public and private industry establishments. 


Table IA. Compilation of Research Topics and Subtopics Proposed in the "Environment 
and Health" Sector (IA) and Pertinent Expenditure Estimates (Billions of Lire) 


Code Topics and Subtopics Types of Expenditures 
Research 
T.IA.1 Technologies 35 
ST.1-IA.1 Radioactive materials treatments A 
ST.2-IA.1 Radioactive waste deposit A 
ST.3-1A.1 Environmental radioactivity survey A 
ST.4-IA.1 Elimination of dust from small plants A 
ST.5-IA.1 Elimination of NO and CO A 
ST.6-IA.1 New pollution survey methods A 
ST. 7-IA.1 Defense of water life A 
ST.8-IA.1 Reduction of pollution from petroleum A 
ST.9-IA.1 Noise pollution A 
T.1A.2 Biomedicine 10 
ST.1-1A.2 Long-term effect of NO A 
ST.2-1A.2 Long-term effects of coal dust A 
ST.3-1A.2 Acid pollution effects on strata A 
ST.4-1A.2 Dust and gas effect on tumors A 
ST.5-IA. 2 Overall impact analysis A 
T.IA.3 Environmental physics 5 
ST.1-1A. 3 Environmental pollutant distribution A 
ST.2-1A.3 Survey network planning A 
ST.3-I1A.3 Climatic variation survey A 
ST.4-I1A.3 Ecological system variations A 
Grand Total 50 
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AMBIENTE E SALUTE (45,98) 
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(2) LFGISLAZIONE E NORMATIVA (6,48) 
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| MODELLI ENERGETICI E BANCHE DATI (44%) 





(4) 


Interdisciplinary Topics. 
Key: l--Environment and health; 2--Legislation and standards; 3--Social-economic 
problems; 4--Energy models and data banks. 
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